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GHAPTER VII

BRIEE HISTORY OF THE EARTH'S CRUST

AND THE GEOLOGICAL CHART

34 Congept of Geological Age

The processes of crestion and destruction of rocks, some-
times extremely glow and eternal, sometimes repid end abrupt,
have gone on throughout the geological history of the Earth, con-

stantly changing the form and composition of the Earth's crust.

Various scientists heve celeulated thaet ¢rom 3 to 5 bil-
1ion years have elapsed since the formation of the Earth to the
present time. We do not have concrete evidence with which to
study the history of the primery stages of the Earth. Scholars
agsume that in the beginning the Earth was not covered by water.
The composition of the atmosphere Wwas congiderably different
from its present composition. The sbsence of weter, the high
temperature of the Earth's surface, and the composition of the
atmosphere made jmpossible the evolution of organic life on the
Ferth. In the course of time, there arose favorable physico-
chemical conditions, and from simple inorganic substances (car-
bon, nitrogen, hydrogen, ete) hydrocarbons and other more com-
plicated organic gsubstances were formed. Then by & series of suc-
cessive transformetions albuminous substances were formed, and
from these arose all living organisms. Evolution of the first
albuminous gubstances over & long period of time led to the for-

mation of different animals and plant life. Geological history
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%\ begine With this gtage in the evolution of the Earth. This study 1
is now possible because of the fossil renains of plants end ani-
mals in tﬁe masses of sedimentary rocks. The remains heve been
preserved up to the present day in petrified form., They are 80-
1id remnants of former 1iving enimals and planté (shells, bones,
teeth, skeletons, woods, etc) (Figure 55) or impressions (Figure
56)and are convincing documents on the evolution of life on

Earth and its complex geologlical history.

Figure 55. Petrified cephalopod mollusc —-

ammonite in lime

Figure 56. Impression of a fern in clay

schist

A special brench of geology, paleontology, is the study i
of fossilized remains of plant and animal organisms which existed

in past geologlcal periods.

Geology &nd paleontology have played an exceptionally im-

portant role in correctly understanding nature from a scientific

point of view. The great seientific leader, F. Engels, has poin-

ted out this functlon of geology. In his book, Dialectics of

e e

Nature, he writes: n,,.geology arose and revealed the presence

IR
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of geologicel gtrata which were formed one after the other and
one on top of the other. Tt revealed the shells and skeletons

of dead animals preserved in these strata, thé stems, leaves, and
‘traces of plants no longer in existence," This forces us to ac-
knowledge, Engels goes on to say, "that not only does the Earth
have & history of its own in time, but so does its sur4sce with

the plants and animels which live on it."

Clessificetion and study of foseils and impressions have
established the fact that life has developed graduslly on the
Farth, from the simplest lower forms to the most complex and per-
fected ones, culminating with the esppearance and evolution of
men. In determining periods of geological nistory, we study
the animals and plants which were characteristic for each period
through the fossils and impressions left in sedimentary rocks.

By this method we can divide the whole paest history of the Earth's
crust into a series of time intervels and also determine the rel-

ative age of the sedimentary rocks.

The petrified remains of animals or plants by which the
relative age of rocks can be determined are called the leading

forms.

The largest interval of time in geological chronology is
called an era, and the mass of rocks formed in this time period is
known &8s a group. A further subdivision of erss end groups is

given in Table 7.
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TABLE 7
Time Interval Era Periocd Epoch Age

R Series of Group System Section Streta

o geologleal 1

¢ deposits

At the present time the entire nistory of the Ferth's
crust is subdivided into the following eres, beginning with the
oldests Arcﬁean, Proterozoic, Paleozoic, Mesozoic, and Ceno~
zoic. The divisions iﬁto periods with their estinated dure-
tion snd mosb cheracteristic deposits for & given period or

era are shown in Table 8.

The depth of the sedimentary rocks varies in the USSR:
in Leningred it reaches 200 meters, 4n Moseow 1,650 meters, in
Syzran' 1,570 meters, in Baku over 14,000 meters, and in the Do-
pets Basin 11,000 meters. Sedimentary rocks often have alter-
pating strata of clay, 1limestone, gandstone, and other rock.
Only by determining the geological age of these rocks 18 it pos- \

sible to understand and evaluate these strata.

Frequently, ir gtudying the upper strata of the thick-
nesses of sedimentary rocks, 8ll the pre—Quaternary stretifications, |
that is, those formed before the contemporary Quaternary geolo-

glcel period, are grouped under the common term of crust TOCKS.
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TABLE
Era Period Estimated Coxventional Chief rocks formed in era or ;
(group) (System) duration in sign period !
billions of :
years |
Archean Not subdi- Over 1500 A Granite, granite-gneiss, :
vided schist, marble |
Proterczoic Not subdi- !
vided ) i
Paleozoic Cembrian 90 Cm Clay, conglomerates, sandstone,
small quantity of limestone
Silurian 85 s Limestone, sandstone, con-
> glomerates, slay, gypsum
Devonian 40 D Sandstone, dolomite, cley and
sandstone, petroleum and coal
Carboniferous 75 c Thick messes of limestone,
quartz sendstone, cley, coal,
petroleunm
Permian 40 P Clays and marl, lime sendstone, :
gypsum, anhydrite, coal [
Mesozoic Triassic 25 ' T Send, sandstone, clay, narl,
gypsum, limestone
Jurassic 25 I Clay, cleyey schist, sand, sand- t
stone, conglomerates, limestone i
Cretaceous 60 Cr Clayey schist, clay, chalk,
limestone, sand, silica, sand- i
stone, conglomerates, coal %
Cenozolc Tertiary 55 (a) Neocene Sand, clay, sandstone, lime—~ i
N stone, conglomerates, petroleum §
(b) Pliocene
% Fg
1 Quaternary 1,02 Q Moraine clay and loam, boulders, ‘
. pebbles, gravel, sand, loess,
sepropelite, peat
g -5

Declassified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4



Declassified in l?arl - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

olutio if he Fart the Principa
i
gicel Events by Era_and Period 3

Archean and Proterozoic Eres

No sufficiently clear evidence 6f pest life — fossils !
and impressions —- have been discovered in rocks of the Archean
era. However, this does not mean that 1ife was not present. It
is supposed that life began in the Archean era, but was repre-
sented by such simple forms as bacteria, unicellular algae, ring-
worms, etc, which were either disintegrated completely and left
no traces, or left infrequent, barely-perceptible traces, which
were destroyed by metamorphic processes. Tt is possible that at
this time organic life still appeared only in the form of extre-
cellular albuminous substances incapable of being preserved for
any length of time in a petrified state, Rocks of this era are

represented mainly by grenite and gneiss.

Detailed study indicates that meny gneisses were formed
from older sedimentary rocks as & result of metamorphic action.
In reality, no sedimentary rocks of the Archean era have been
preserved to the present. Rocks of the Archean group constitute
that foundation in which are formed later deposits, Only in rare i
cases do these rocks come up to the surface in the form of ridges,
or shelves, of crystellized crust. These are called "shields."

In most instances they lie far beneath a mess of later deposits

of sedimentary and metamorphic rocks.

iR e
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%ﬂ Tn the territory of the Ruesien lowland, there are two ?

‘ guch crystallized ghields: the Baltie, or Finno-Scandinavien, end E
the Ukrainian, The first forms the Kolski Peninsuls, Karelia and
the neighboring countries of Finlend, Sweden, and Norway. It

ig made up of heavy grenular granite, porphyTy, gneiss, and quart-
zite.

The Ukrainian gshield is located between the Dnestr and the ﬁ
Dnepr, and further to the southeast extends 4o the Sea of Azov.
Tt is made up of grenite and gneiss, and in pleces (ovruch and

Krivorozh'e) by quartzite and schist.

Rocks of the Proterozoic occur directly over the crystal-
1ized rocks of 'the Archean era and are made up of gneiss, schist,
quartzite, and marble. In the rocks of the Proterozoic group are
found indisputeble remains of already rather highly developed or-
ganismss algae, rhizopods, radiolaria, sponges, worms, and crus-
tacesns. The Archean and Proterozoic rocks heve uneven surfaces

and are frequently broken up by the intrusions of the basic magma.

Paleozoic Fre

The orgenic world in the Paleozoic era contains rich and
varied forms both on land and in the see. In the older Cambrian
period of this era, simple animals inhabited the sea:t 8ponges,
medusae, WOIMS, brachiopods, and arthropods (Figure 57)., Among

plants, only algae existed at this time.
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Figure 57, Triloblte, arthropods

In the following Silurien period, pesides the snimels al-
e hed developed gigentlc spiny

The first vertebrates —-
1f of the Si- j

corals, echi-

ready mentioned, ther
the dinofle-

noderms, and cephalopods.

gellata —— make their appearance in the second he

jurien period. (Figure 58)

Armored fish of the Silurian

Figure 58.
period.

By the end of this period, there appesr on 4ry land moss-
1ike plants, which in the following Devonian period, develop in-
to various sporophytes — equiseta, club-moss, and fern. The first

seed plants appear also.

ng world becomes still more varied in the Devonian

The livi
age. Fish become more perfected and vary in size and form., Ceph-
alopod molluses —= ammonites —— appesared (see Figure 55), and land

vertebrates appear for the first time.

period, the Carboniferous, is characterized by the

tation — ferns, sigillards, lepidoden~

The next

evolution of rich land vege

drons, calamites, and others. They reach huge dimensions and are

the basis of coal formation in various localities (Figure 59).
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Figure 59. sigillarids

Spiders, large myriapods, and dragonflies now appear on
dry lend, One of the leading forms of the Carboniferous age 18
the shell Productus (Figure 60) .

Figure 60, Productus from deposits of the

Carboniferous system

Tn the Permian period, lend animals, which now have become
more varied, increase in number., Reptiles appear, some of which,

such as the Pareyaseaur, reach huge dimensions.

During the whole of the Paleozoic era, the sea repeatedly
flooded the Russian lowland, leaving vast thicknesses of lime- ;
gtone, clay, gypsum; and other rocks. The oldest sedimentary ‘
rocks —- the Cambrian blue clays —- are widely distributed around

Leningrad, where they are covered with glacial deposits. |

Rocks of the Carbonifercus age are extremely widespread in ;
the territory of the USSR, They occcur in the Moscow region, in !
the region of the Central-Volge highlands, in the Donets Basin, and
in many other places. Deposits of the Carboniferous system are

i

|

H

limestone, quartz sandstone, couarse clay, petroleum, and coal. E
3

1

Declassifi - iti
ified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4




Declassified in Part - Sanitized Cop

A
pproved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

These deposite reach depths of 0.4 to 0.5 %ilometers in the

Moscow region, end 10 kilometers in the Donets Baein.

Deposits of the Permian age, which lle in a wide strip a-
long the west slope of the Ural renge, alag occur frequently in i
the Russian lowlands. This system is made up of red clay and ’
marl, limestone, gypsuf, aphydrite, and conglomerates. Its av-

erage thickness reaches 2,000 meters.

Considerable mountain-forming processes went on during the
Carbonifercus period east of the Russian plain. They were com=-
pleted in the Permian period by the creation of the Ural range
which continued %o undergo many changes throughout its own his~

tory.

Mesozoic Era

pi=icAsi )

During the Mesozoic era there was & further evolution of
lend and sea snimels, especially of reptiles, which reached their

i : greatest development in the Jursssic period. Among the reptiles

| note must be taken of the giant dinoseurs which reached lengths
of 26 meters and neights of 5 meters —- the Ceratosaurs, the sea

Plesioseurus and Ichthyosaurus, and also the flying lizerds, the

: i
1 Pterosaurs. §
i

!

|3

Tn this period for the first time we find birds - arche-

opteryx. Besides reptiles, ammonites and belemnites are found

in the sea. The latter are the dominant petrified remains of the

Jurassic period. Belemnite shells lock so much like fingers that

-10 -

s
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they are sometimes referred to as the ngevil's fingers." The
existence of such devil's fingers in sedimentary rock indicates

that it was formed in the Jurassic period.

In the Cretaceocus period reptiles gained further supre-
macy over other animals on land and in the sea, Some of them,

the Stegosaurs and the Tyrannoseurs, were exceedingly huge.

Birds in this period continued to perfect their flying

apparatus, but they were sti1l far from perfect.

The vegetation changed & great deal in the Cretaceous.
At the end of the period appear forms of vegetation which are
close to present forms — the monocotyledons and dicotyledons

(pelms, leurel, willow, birch, oak, maple, and various grasses) .

Mountain-forming processes are no longer observed in the
Mesozoic era; only the falling and rising of continents es the
sea advanced on to the land snd then retreated. Beceuse of these
ingressions and regressions, the Russian lowlands in many places
have great deposits of chalk, silica, 1imestone, clay, and other
rocks of the Trisssic, Juressic, and Cretaceous ages. The nor-
thern part of the Ukrainian SSR and the centrel part of the Don

and Volga contain chalk; Bryansk and Penza have beds of silica.

Cenozoic Era

The two periods of this era — the Tertiary end the Qua-
ternary — differ from each other by their duration; the first is

very long, the gecond comparatively short. In the Tertiary period

-11 -

Declassifi - iti
ified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

e SR

s




Declassified in Part - Saniti A R 4, RDP: R
ied in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R00020005001
. X 0-4

e

the forms of animale and plants, especially plants, were very

i

much like those at present.

The troplesl climate (in Turope) which existed at the be~
ginning of the Tertiary changed to gubtropical and then to tem-
perate, and by the end of the perlod 1t became moderately cold.
The vegetation changed with the ¢limate; subtropical gvergreens
graduelly moved to southern latitudes, and birch, pine, and

other species of temperate latitudes became dominant.

The animal world also underwent great changes: the num-
ber of reptiles decressed in comparison with the number in the
Cretaceous period. Their place was taken by mammals: ungulates,
rodents, ete, In the beginning of the period, memmals are still
gimple of structure; however, by the end of the Tertiary they be-
come more highly organized, Some animals, such as the mastodons,
hornless rhinoceros, and the saber-toothed tiger, were of con-
siderable size and far exceeded the size of the modern elephant,

rhinoceros, and tiger.

The relief of the globe also changed during the Tertisry |
period. The formation of the Caucasus and the Crimean folded
mountains began at the end of the Cretaceous period, as did the
Sikhot-Alin' range in the Far East, which was finally formed in
the Tertiary period, The formation of the mountains of Kemchatka,

Sakhalin, and the Kurile Islands belong to this period as well.

While mountains formed in the Tertiary period, continents

slowly emerged and subsided. The Tertiary sea flooded huge areas

- 12 -
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of the country, depositing cleay, chalk and shell 1imestone, shell

& rock, gypsum, and other rocks.

The moderately cold climate of the end of the Tertlary i
period changed to & cold climate, with the succeeding alternation

of the warmer and colder ages of the Quaternary period.

During the centuries of cold climate, glaclers noved down
along the Russlan Jowlands with consequent thews during the warm

interglaclal intervals.

With the change in climate came a change in plent and
animal forms, The severe cold forced animals and plants of tem~
peratie climates to move far to the south. Their place was taken
by animals and plants of the tundra. When the climate became
warmer they again moved back north, and the animals and plants

of the southern latitudes took their places.

Tn the glacial epoch some animals became adapted to the
cold climate, Among these were the mammoths, & group of which is

found todey in the perpetually frozen ground of Siberia.

The earliest progenitors of man were two~legged, highly

developed man-like apes, whose existence is placed at the close

of Tertiary. In deposits of the Quaternary age, the remains of

an ape-man (pithecanthropus) have been found, the next step in !

the evolution of man. Tn the process of development Pithecan-
thropus cast off his ape-like characteristics and acquired the ?

characteristics of modern man.

-13 - )

Declassified in Pért Saﬁit“ Cor
- ized Copy Approved for Releas "
e 2012/04/20 : CIA-RDP82-0 0
: -00039R000200050010-4




Declassified in Part - Sanitiz:
- ed Copy Approved for Releas
: e 2012/04/20 : CIA-RDP82-00!
-00039R000200050010-4

of the country, depositing clay, chalk and shell 1imestone, shell

rock, gypsum, and other rocks.

The moderately cold climate of the end of the Tertiary |
period changed to & ¢o0ld climate, with the succegding alternation

g of the warmer and colder ages of the Quaternary period.

During the centuries of cold climate, glaciers noved down
along the Russian Jowlands with consequent thaws during the warm

interglacial intervals.

With the change in climate came a change in plent and
enimal forms, The severe cold forced animals and plants of tem~
perate climates to move far to the south. Their place was taken
by animals and plants of the tundra. When the climate became
warmer they again moved back north,and the animals and plants

of the southern 1atitudes tock their places.

In the glacial epoch some enimals became adapted to the
cold climate. Among these were the mammoths, & group of which is 1

found today in the perpetually frozen ground of Siberia.

The earliest progenitors of man were two-legged, highly
developed man-like apes, whose existence is placed at the close
of Tertisry. In deposits of the Quaternary age, the remains of i

an ape-men (pithecanthropus) have been found, the next step in

the evolution of man. Tn the process of development Pithecan-

thropus cast off his ape-like characteristics and acquired the

characteristies of modern man,
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L In Quaternery time, &s & result of the great glaciation,

the crust rocks of the Northern and Central parts of the Rugsian

lowlands were covered by extensive thicknesses of glacial for=

mations -~ moraine clay, river-glacial sand, sandy loam, and

heavy fragmental rocks. At this time loess, quicksand, peat, and ’
other rocks were also formed; these econstitute the upper leyers

of the earth's crust on most surfaces of present continents.

Glaclal Deposits in the USSR

In the mountainous regions of the Caucasus, Urals, Pamir,
or Altay one can see new and old glacial formations in the moun-
tains and foothill valleys in the form of highly scattered loose
rocks. However, these deposits occupy & comparatively small area
and are frequently lost among other geological formations —-- de-

luvia, proluvia, and alluvia,

The glacial deposits of the central and northern parts of
the USSR are of much greater jmportance. Their formation is con-
nected with the repeated advance and retreat of glaclers during
the glacial epoch. The duration of this epoch i{s spproximately
475,000 years., In the European part of the USSR, there were geveral
freezings which divided inter-glacial periods, There were three
or four of these large-scale freezings. A time jnterval of 25,000 !
years gseparates us from the last of these. The Scandinavian moun-

tains and Novaya Zemlya were regions where glaciers accumulated

for the movement downward to the Russian lowlands. Down from |

1
%
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these mountains upon the wide plaine below moved thick messes of
jee (up to 1,000 meters) which left extensive geologloal dierup- i

tion in thelr path, destroying mountaine, overturning rock, crush~

ing and grinding stones, and tyansporting huge masses of all kinds

ot of loose materials.

With the change of climatic conditions, the thaws left
masses of material along the entire path of the glaciers. Rivers
and streams formed from the thaw pertially scattered the loose
materials of the erosion, bubt the besic mess was for the most
part left untouched, Very frequently, rock waste or beds of gre-

vel are found in thin clay, clay loam, or sand formation.

The southernmost advence of the glaciers in the USSR is
approximately a line which goes through Zhitomir, Kiev, Orel, Vo-
ronezh, Penza, Kezan', Molotov, and Tyumen', with an extension to
Kremenchug and Voroshilovgrad. The glacier reached this 1imit be-

cause of the freezing of the great Dnepr.

The main geological deposits of the glacial epoch can be
gubdivided into the followiﬁg types: (a) moraines, (b) fluvial-

glacial, (c) deposits of clay loam.

Moraine deposits are widespread in the USSR. They are di-

vided into terminal, ground, jnterior, and surface horaines. In

addition, they are further divided into lower (older freezing) and

upper (later freezing) moraines.

Terminal moraines &re characterized by the presence of great
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nasses of large fragnents (boulders, pebbles, gravel, sand) in
the form of lengthened, raised embankments or 8 particular type of i

Long-stretching hills (kames) .

Ground, interlor, and surface moraines are characterized

by compacted clay or clay loam formations containing pebbles and
gravel. The depth of moraine deposits veries from 2 to 100 me~

ters.

Fluvial-glacial deposits are those of rivers formed by gla-
cial thaw, They conbain grevel, sand, and pulverized gand for-
metions. Sometimes these deposits oceur in more or less even lay-

ers, forming plains, and often they sre osars or eskers (Figure

61).

1, Sand rubble

2, Sand beds

3, Gravel

4. Morain clay loam

Figure 61, Common type of osar or esker *

Covered clay loam most frequently is the product of mo-

raine erosion. It usually occurs in the upper part of the de-

posit, very close to moraine clay and clay loam, but differing }

from them in being less compact and composed of larger parti- 1

cles.

Leningrad oblast is 2 typical region of glacial deposits.

- 16 -
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Here once cen 8ee germinal moraines with piles of big boulders

and compac?t yellow-blue ground moraine snd large gtrapa embank-
ments (eskers and kemes) , which give the gurface a characteris-
tic hilly relief, Here also we find many glacial lakes, a dis-

tinetive feature of the whole porthwestern region.

At one time, & glacier moved along this area, turning up

rocks and leaving deep hollows which filled with water.

Tn a greal many places, 8reas of glaclal deposits are
very rich in road construction materials. Localities with ter-
minal moraines (eskers end kames) coutain much rock waste, peb-
bles, gravel and sand = mixed with clay-dust particles. In
the Fstonloan SSR, in the Moscow, Kalinin, Kirov, Molotov, and
other oblasts, most of the hills contain gravelly gand-rocks
with a little rock debris. Some fluvial-glacial formations lo-
cated close to the terminal moraines also contain gravelly peb-

ble-rocks.
36, The Geological Chart

The geological chart is & topographical chart which shows

rock distribution in color. |

There ere two kinds of geological charts —- charts of crust

deposits (rocks) and charts of Quaternary deposits.

The first type of chart shows rocks of the pre-Quaternary

-17 -
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age ocourring under layers of Quaternary formations., Only when

A

orust rocks are very deep do the charts show Quaternary deposits.

Charts of Quaternery deposits show rocks of the Quater-
nary ege as an almost continuous cover of crust formations. They

are divided into glacial deposits, loeea,valluvia, ete.

Geological charts of crust deposits are made up principally
according to age; that is, the chart shows deposits of any given
geological age. Areas with deposits of the Cembrian, Silurian,

Devonian ages, ete, are geparated without consideration of what

rocks are present.

Very frequently, especially in large-scale charts, period
deposits (systems) are divided into epoch deposits (sections)
and aged deposits (strata).

Areas which have deposits of a given period, epoch, or
age are represented on the chart by international letter symbols
as indicated in Table 8 and are colored with an appropriate col-
or or striation. The legend of the chart is so constructed that

rocks range chronologically from the most recent at the top to

the oldest below.

Besides charts based on age, charts are prepared accor-

ding to 1ithological characters; that is, according to the na-

H
i
H
i
|

ture of rock composition. In these charts, areas are divided ac~
cording to the nature of rock (sandstone, limestone, sand, clay,

etc), regardless of geological age.
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t in
A11 types of geological charts are very importan

Ioad conab b on

a good idea of the rocks which occur on the surface and ben:;ii
the surface in any jocality. If the geological chart is suaG’
ciently detailed and hes explanatory notes, a more or i:?sfrom
curate knowledge of the rocks oan be ascertained directly

the chart, end sometimes ‘even the condition of the rock beds.

ion,
This is necessary data for 21l kinds of construch
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CHAPTER XIV

PHYSICAL PROPERTIES OF EARTHS

To a considerable extent, the basic physical properties
of earths indicate whether they are sultable for use as construc-

tion materials and as engineering foundations.

The specific gravity and bulk weight, porosity, plesti-
city, viscosity, swelling, and shrinking ere all part of the

basic physical properties of earths.

This chapter describes the methods of determining the
moisture content of earth as affecting the basic physical pro-
perties., Knowledge of moisture content is necessary in deter-
mining bulk weight, plasticity, viscosity, swelling, and other

properties,

60. Specific Gravit

Specific gravity is the relationship of the weight of the |
particles of a given volume of absolutely dry earth to the weight
of an equal volume of water at a temperature of / degrees Centi-

grade.

Specific gravity is an indication of the mineral compo-

sition of earths. For most earths lacking organic material, the

specific gravity varies on an average from 2.60 to 2.70
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The value of the specific gravity of earth is used in a |
series of formulas: in calculating porosity, calculating the
velocities of falling particles of earth in any medium (Stock's

formule), etec.

Testing Procedure

Apparatus and materlals necessary: (1) analytic scales,
(2) pycnometer, (3) an electric plate or any other heating de-
vice, (4) washer, (5) desiccator, (6) thermometer scaled to 150

degrees Centigrade, (7) asbestos sieve, (8) distilled water.

The specific gravity of earths is determined by using a
pycnometer equipped with a capillary tube (Figure 87), after the

following procedure:

4 Figure 87. Pycnometer

1. Weigh the pycnometer (weight A) to an accuracy
] of 0,0002 grams.

2. Pour distilled water into the pycnometer up to the

measuring merk and weigh again (weight B). f

i& 3, Pour 5 to 10 grams of earth, which has been sif-
ted through & 1 millimeter mesh and dried to a constant weight

at 105 degrees Centigrade, into the dry pycnometer and weigh

(the weight of the pycnometer with the portion of earth is weight c).

. Declassified in Part - Sanitized Cbpy Approvéd for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4
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4. Add distilled water to the earth to half the

[
4
1
i
i
i
K

capacity of the pyonometer and boil for 30 minutes.

5, After cooling, pour distilled water into the pyc-
nometer up to the messuring merk, and then weigh the pycnometer

with water and earth (weight D).

The specific gravity is celeulated according to the fol-
lowing formula:

P
"'C’,A-f—?f?"“D

The specific gravity of some earths and soils varies

within the following limits:

Peat 0-50 - 0080
1 Black soil containing 10% humus 2.37

Black soil with lower humus

content 2,40 - 2.50
’ Black soil on loess 2.57
Podzolic loam with 3% humus 2.65
. Sand 2.65 = 2,67
Sandy loam 2,67 - 2.69
Jurassic clay 2.75

In determining the specific gravity of saline earths and

earths containing active colloids, instead of using water for the

tests use a neutral liquid such as kerosene or gasolene, etc. In-
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stead of boiling, the air is removed from the parth by use of
a vecuum pump, In caloulating the specifilc gravity, correction

! mst be made for the specific gravity of the kerosene or gasolene.

61.Moisture Content of Earth

The moisture content of earth is the quantity of water it
contains expressed in a percentage relationship to the weight of
dry earth. The moisture of earth is & changeable value and cen
vary to a great degree. The more finely grenulatel the earth,
the greater is the variation in moisture content, Moisture is
an important characteristic of the condition of earth and st
be taken into consideration in determining a series of important
indexes of the properties of earths: stability under pressure,

resistance to displacement, plasticity, viscosity, ete.

Testing Procedure

Moisture content 1is usually ascertained by a weighing me-
thod which determines the loss of weight ;_hich results when &

portion of earth is dried in the following sequence:
(a) Weigh the weighing bottle

(b) Flace & sample of moist earth of 10 to 20 grams i

into the bottle.
(o) Weigh the bottle with the moist earth. ,
(d) Plece the welghed, uncovered bottle of earth in-

to a desiccator which has been regulated to a heat of 105 degrees

Centigrade.

{
!
{
i
i
¢
H
!
i

|
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TL The test sample of earth is allowed to remain in the

chember at 105 degrees Centigrade for 5 hours.

(e) At the end of the drying period, close the bot-

tle, transfer to a dry exsiccator with chlorine ring, and allow

to cool to roonm temperature.
(£) Weigh the cooled bottle of earth.

To dry the earth completely, repeat the sequence after an

hour end weigh again.

The difference between the first and second weighings should

not exceed 0.2 percent of the weight of the test-sample.

The moisture of the earth is determined according to the

formulas .
-7
v = - /22
-
) o

where: W is the moisture content of the earth in percentage re-
lationship to the dry weighed portion;
P is the weight of the bottle of moist earth; :
Py is the weight of the bottle of dry earth;

Py is the weight of the bottle.

Conduct sll weighings in moisture determination with ana~

lytic chemical weights to an accuracy of 0,01 grams. :»

For speciel humidity analysis (determining the molecular 1 )
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moisture capacity, hygroscople noisture, the humidity effects
on rolling 1imit, etc), decrease the portion of moist earth and

welgh 10 grams or less oD enalytic scales.
62, The Bulk Weight of Earth

The bulk weight 18 the weight of & unit volume of earth,
including mineral perticles and spaces (pores) between the per-

ticles.

The value of the specific gravity of earth depends upon
the mineral end chemical contents the bulk weight depénds upon
the moisture content and the texture and structure of the esrth,
that is, on the quantity of pores in the earth, For this reeson,
the bulk welght of the very same earth, especially of clay, Will

very & great deal under different conditions.

Under natural conditions, clayey earths usually have higher

porosity than sandy parths and therefore have & 1ower bulk weight.

Bulk weight can be determined ror different states of
earth: (&) for earth in naturael beds, (b) for £illed and loose

earth, (¢) for earth compacted by aifferent nethods.

Determining the Bulk Teight of Adr-Dried Farths in the

Loose Stabe

Necessary Equipnents

Leboratory rack with collection of holdersj
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glass or metal funnel for pouring earth, with a capacity ‘
of not less than 300 cubic centimeters and an internal tube di- i

ameter of approximately 20 millimeters;
graduate with a capacity of 500 to 1000 cubic centimeters;
cup scales of 2 to 5 kilogrem capacity with balance.

Arrengement of funnel: in the laboratory rack, fasten
the funnel with the aid of the holders into the tube and slip on

a perforated cork at the point the funnel enters the cone.
Testing Procedure

1. Pass the sample of gir-dried earth, sbout 1 kilo-

gram in weight, through a strainer with a 10 millimeter mesh.

2. On cup scales, weigh to an accuracy of 1 kilo~
grem a 500 cubic centimeter greduate if the earth is finely gra-
nulated, or a 1000 cubic centimeter graduate if the earth con-

tains e large quantity of sand or gravel particles.

3. Through the funnel, £i1l the weighed cylinder
with earth which has previously been strained through a 10 nilli-
meter mesh, The volume of the earth in the graduate must be 500
cubic centimeters if finely granulated or 1000 cubic centimeters

if coarsely granulated (containing gravel) . i

4. Weigh the graduate filled with earth.

5, Bulk weight is determined by the formulas

Decl SR G S . !
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where A is the bulk welght; ‘
P is the weight of the graduate and earth;
Py is the weight of the empty graduate; ;

V is the volume of earth in the graduate.

The experiment is repeated for control purposes. Re-
sults of repeated experiments should not differ by more than

+ 1 percent.

Determining the Bulk Wed ght of Cohesive Earths with Ne-

turel Moisture and Undisturbed Texture

Testing Procedure

1. Place about 100 grems of paraffin into a porcelain

pen, Melt the peraffin,

2. TImmerse the weighed piece of naturally moist earth of
undistitgbed texture, 30 to 50 cubic centimeters in volume, by a
thread in the melted psraffin for 3 %0 5 seconds; then cool in the
air. When the paraffin cover has cooled and hardened, immerse the

test semple agein in the pereffin end agein cool in the air, The

gurface of the peraffin-coated test sample should contain no bub~

bles; it must be smooth,
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To cool the paraffin-coated test materials, suspend ‘them

from the holders by a thin thread or wire.

3, Taeke a separate test-sample of earth and determine

its natural moisture content,

4. Weigh the cooled paraffin—coated material by the dif-
ference in weight between the earth and the earth- + paraffin

determine the weight of the paraffin on the sample by the formulas
P=PFy =P

where P is the weight of the paraffin on the sample;
Py is the weight of the earth;

Py is the weight of the paraffin-coated earth.

5, The volume of the paraffin on the sample is calculated

according to the formula:

P
3= 3
where V3 is the volume of the paraffin on the sample;

0.9 is the specific gravify of paraffin.

6. Under the raised left pan of the chemical scales, ar-
range a wooden support in which there has been pleced & chemical
greduate half filled with water at room temperature, Suspend &
wire with a weight in its hooked lower point over the levelly-
belanced left cup of the scales. Now level the right pan (Figure
8g) with a weight.
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] i Figure 88, Scales for nydrostatic weighing

- 7. Suspend the prepared paraffin-costed ganple on the

wire; immerse it in weter and determine lts weight in water.

Determine the bulk weight of the earth by the formula:

)
e

ERARY

where P3 is the weight of the paraffin—coated sample in water.

Repeat the procedure for control purposes.

Determining the Bulk Weight by Use of & Outting Ring

Under field conditions or when there is & monolithic sample
of undisturbed earth in the laboratory, the bulk weight can be
determined by using a metal ring (usuelly stecl) with an inside

cutting edge.

Tt is recommended thet a ring of 200 to 250 cubic centimeters

capacity be used for clay and cley loam, and one of 500 cubic cen-

timeters for sand loam.

The dismeter of the ring mst be between 2.5 and 3 times

larger than its height.

Carefully press the cutting ring into the earth, gradually
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ouT,
dislodging the earth from the‘jdide of the ring.

Tyim the ring with a xnife and withdrew its carefully pro-

tect the lower and upper surfaces of the earth in the ring. “

Weigh the ring and earth to an accuracy of 0.1 grams,

The welght of the ring and its volume must have been previcusly

determined.

Knowing the weight and volume of earth in the ring, cal-
culate the bulk weight of the earth by dividing the weight by

the volume.

Determining the Bulk Weight of the Solid Portion of

Earth

By bulk weight of the solid portion of earth we mean the
retio of the weight of hard particles to the overall volume of
naturally moist, undisturbed earth, or to the volume of naturally

packed earth.

Tt is necessary o know the bulk weight of the solid por-
tion of earth in order to determine the density of the strue-

ture and other characteristics of a given portion of earth,

To determine the bulk weight of the solid portion of earth,
place an &verage test-sample of eerth in a bottle and determine

its moisture content.

The bulk weight of the solid portion of the earth 1s cal-

culated according to the formula:

-1 -
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AN

D =
| 0.0l W
where A . is the bulk weight of the solid portion of sarth;

AB is the bulk weight of the moist earth;

¥ is the moisture content in percent.

Determining the Porosity of Ferth
The porosity of earth expresses the relationship of the

volume of pores in earth to the totel volume of the earth, and can

be caleulated from the formulas

where =n is porosity in percent ;
A, 1s the bulk weight of the solid portion of erth;

¥~ 1is the specific gravity of earth.

63, Plesticity of Earths

Depending on the amount of moisture, cohesive earths can !

be found in various states:

(a) solid, (b) plastic, (c) fluid.

Changes from one state (consistency) of earth to another «

and changes in moisture content take place rather ebruptly and
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indicate differences in the stability of earths under stress.

e

For this reason, humiditles which correspond to the change

of earth from one state to another ere used as the most important

characteristics of earths. ;

Tt is very important to determine the moisture content
] which corresponds to the change of earth from a solid state to a

plastic one, or from a plastic state to a fluid one.

The plasticity of earth is its ability to undergo defor-
, metion under outside pressure without rupture of the unified mass,
| and to preserve its given form when the deformation forces are
removed. Cohesive earths possess plasticity only at a definite
moisture content: with less moisture the earth becomes solid;

with more moisture the earth changes into a fluld state.

To determine the ability of earth to take on a plastic
state, determine the moisture content which characterizes the
1imits of the plastic state: the fluidity limits on the one

hand and the rolling limits on the other hand.

The 1imit of the fluid state is that point at which an
earth changes from the plestic state to a gsemi-liquid fluid, At
this point, the cohesion of particles is nearly destroyed because
of the free water present because water easily dislodges and dis-
perses earth particles. As a result of this, the adhesion be- {
tween particles becomes negligible., The stability of earth under

stress at the fluid moisture 1limit is in most cases very alight. !

-13 -
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The rolling limit corresponds to the moisture content of

earth at the point of change from a solid to @ plastic state.

When moisture is inoreased, the earth begins to lower abruptly

1

its stablility under stress. The rolling 1imit corresponds to
| i the level of molsture content at which packed uniform clay and

loam practically become impervious to water.

5 3 The fluid limit and the rolling limit can be celled the

upper and lower 1imits of plagticity.

The plasticity number is used as & basis for describing

the fluid 1limit and the rolling limit,

The plasticity mumber is the difference between the fluid
1imit and the rolling 1imit of earth, end characterizes the de-

gree of plasticity of earth.

Earths which are stable in road foundations or in the
heavily-traveled part of dirt roads possess & plasticity number

] between 1 and 8 inclusive.

By means of the piasticity number, one can judge the a-
mount of clay, the physico-mechanical, and aqueous properties of
earth, Increasing the clay content of earth reises the plasti-

eity number.

By comparing data on the natural moisture content of an
earth with previously—indicated liﬁits of plasticity, we can ex-
press the molsture content by & relative value, in the form of &

fraction, with the moisture content of the earth as the mmerator
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and the fluid limit or the rolling limit &s the denominatore !
The relation of the naturel molsture content to the f£luld 1imit

is called the fluld coefficien’o. The valve of the fluid coef-

ficient describes the state (conais‘hency) of the esrth under

natural conditions and the degree of its gtability ynder stress.

With normel moisture content equal to, OF & 1ittle less
than, ‘the rolling 1imit, the earth is very good for working:
excavabing hollows, £illing in, and packing. When the earth
changes to 8 plastic state, it ie aifficult snd even impossible
to carry on guch operations. Tn the fluid state, earth loses

1ts stability altogethers

According to the norms for drafting naturel jndustrial
foundatbions and civil tuildings (05T 9000A-38), earths are clasai~
gied according to plasticity number. Tarths can be divided into

the following groups, depending on the value of the plasticity

number:
(1) clays with a plasticity rumber above 17
(2) clay loam with a plasticity pumber from 7 O 17
(3) sandy loam with a plesticity pumber under 7

VA non-plastic sand

Determinin asticity b the Weighin Metho

i
i
|
5
|
‘

List of equipment necessary:

-15 -
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(1) Bezruk apparatus for determining the fluid limit
(2) chemical scales with balance

(3) exsiccator with water

(4) spatula

In addition to the above, all equipment necessary to de~

termine the moisture of the earth (desicecator, bottles, ete.).

The Bezruk apparastus for determining £luid limits (this is
a modification of the apparatus of V. V. Okhotin): the apparatus
(Figure 89) consists of an iron support 1, into which a rod 2 hes
been inserted; a plate 3, with a depression into which iz placed

an iron or brass cup 4 of earth, moves freely along the rod.

Figure 89. Apparatus of V. M, Bezruk for de-

termining the fluidity of earths

Prior to the experiment, the cup has been fastened to
the plate by means of a rubber ring 5. A rubber strip is attached
to soften the blow on the support 1. E’anslator's note: There
is no number 6 in text to correspond with number 6 of the figure.
Assumedly, the rubber strip is number g On the rod 2, at &
height of 15 centimeters from the support of the apparatus, screw
on a collar; the plate with the cup 4 of earth is raised to this

height during the experiment. The iron or brass cup has a diameter

- 16 -
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of 90 to 95 millimeters and & depth of 25 to 30 nillimeters.
The welght of the plate and cup is 1 kilogram.

RRE P

A special metal knife 7 has been provided to make a out

in the sample of earth.

In oross section, the knife has the form of a trapezium
with upper base dimensions of 2 millimeters and a lower base of
10 millimeters. The angle formed by the edges must equal 60 de-

; : grees.
Preparing the Earth for Anslysis

From the earth, which has been pulverized and passed through

a 0.5 millimeter mesh, teke a sample of about 100 grams. Moisten
the sample selected in a porcelain pan and carefully mix until

the earth shows signs of plasticity (that is, until the earth ac-
quires the ability to keep the form given it)., Place the earth
thus prepared into an exsiccator, containing water in its bottom
part, for 12 to 20 hours so that the moisture will be spread uni-
formly throughout, The earth in the exsiccator is used to de-

termine the fluid limit and also the rolling limit.

Determining the Fluid Limit !

To determine the fluid limit, pack a 10 millimeter layer
of earth in the bottom of the cup of the Bezruk apparatus. With %
a spatu@l), level the surface of the earth in the cup. Make a cut i

through the center of the cup, keeping the knife on the surface. '

-17 -
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On the first stroke, gink the knife 2 to three millineters deep,

and in the following cuts slit the earth down o the bottom of
the cup., The yegult must be @ depression in the earth, 2 milli- ;
meters wide at the bottom of the cup and 10 millimeters at the
top, running through the whole layer of earth, Place the oup
of cut earth on the plate of the apparatus and fasten with a rub~

ber ring.

Raige the plate 3 with cup along the rod to & height of
15 centimeters, and let it fall freely. Now, observe the con-
dition of the depression in the earth, If the depression does not
£411 in after the firet drop, meke a second drop. If after the
second drop, the depression is £illed in by 1.5 %o 2 cenbimeters
at the bottom of the cup, bhe experiment is considered ended. If
! no £illing-in is noticed after the second drop, moisten the earth
in the cup again by adding 5 to 6 drops of water, and after mix-
ing carefully, pack it in the bottom of the cup and repeat the

experiment for filling the depression (Figure 90).

At the beginning At the end

Figure 90. Determining the fluid limit

A e A e

After ascertaining the moisture content, which causes the
earth to fill in on the second drop, repeat the experiment; but

this time, depress the earth in a direction perpendicular to the

A AN TS,

-18 -

e

Declassified in Part - S: it
anitized Copy Approved for Release 2012/04/20 : CIA-RDP82- 00039R00’
: - - 0200050010-4




Declassified in Part - Sanitized Cop

Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

first depression., If the earth fills in on the second drop, ‘teke ;
a sample from the cup and determine its moisture content by the

method previously described. '

The moisture content of the earth when it fills in on the
second drop is used as the limit of fluidity.

Cerry out an experiment for control purposes. Place another
portion of moistened earth from the porcelain pan into the cup on

the apparatus and repeat the experiment.
Deviation in test results is allowed as follows:
(a) for sandy loam -- not more than 2 percent -

(b) for clay loam and clay -- not more than 2.5 percent

Determining the rolling limit

From the moistened earth which has been kept for 12 to 20
hours in the exsiccatﬁr, rol#a ball 1 centimeter in diameter. Trans-
fer the ball to waxed paper, and on it carefully work the ball in-
to a roll 3 millimeters in diameter.

If the roll of earth does not break up into pieces, mold
it again into a ball, and once more roll it out. Repeat the oper-

ation until the sample of earth, which has been worked into a roll

3 millimeters in diameter, begins to crumble into separate pieces.

Gather the crumbled pieces of the 3 millimeter roll into a

-19 -
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bottle and determine the moisture content of the earth. In order
ff o determine the moisture of earth at the rolling point, it is
necegsary to have not less than 5 graus of rolled earth in the

bottle.

Repeat the experiment for control purposes. Deviation in

repeeted tests is allowed as follows:
(a) for sendy loam —- not more then 1 percent

(b) for clay loam and clay — not more than 2 percent

Determining the Plagticity Number

i . The plasticlty nunber is deterpined by the difference be-
tweon moisture contents at the fluid limit and at the rolling

1imit. Thus, if the moisture at the fluid 1imit is equal to 40.5
percent and at the rolling limit %o 18,7 percent, the plasticity

pumber of the earth sample is 40.5 = 18.7 = 21.8.

The 1imits of plasticity and the plasticity number &are
reliable indexes by which to judge the physical and mechanical
properties of earths (resistance to displacement, resistance to
vertical stress, ability to increage in volume and become moist,
adhesiveness, ete)., The fluid limit is very close to the total

capillary moisture capacity of the given earth. At this point,

earth almost completely loses the ability to resist vertical
gtress and displacement. With further increase of moisture, earth

changes into a fluid state.

-20 -
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The rolling limit is the peint at which the earth changes
from solid to plastic gtate, The moisture of earth at this point
in most cases colneides with the %optimun noisture conbent," ab
which point the earth is subject to maximum compacting with the
least pressure applied. Eerth at this moisture rolls well for
use on thoroughferes; it does not raise dust; it does not pos-

sess adhesiveness; 1t does mnot form ruts in dirt roads.

64 The Adhesiveness of Earths

Adhesivness 1s the capacity of earths to adhere to objects
when coming inbo contact with them. Adhegiveness 1is expressed
in grems per square centimeter by measuring the forces necessary
to remove the dject to which the earth adheres. The property of
adhesiveness is characteristic of clays and gemi-dusty earths in
o moist state. This is extremely unfavorble for road construc-
tion. In addition to moisture, other things which influence the
amount of adhesiveness are: ‘the granulometric and chemico-mineral-
- ogical composition of the earth, the forces which originally caused
the object to be pressed to the earth, and the kind of materials

4o which the earth adheres (glass, wood, metal, ete) .

Earths which are most adhesive are saliferous and humus,
containing clay and clay loam. Sandy earth has praétically no

adhesiveness.

The adhesiveness of earth increases with the increase of

moisture, but within certain limits, When full moisture capacity
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is reached, the adhesiveness of eerths decreases sharply, and
with further incresse of moiature,adheaivenesa mey disappear al-

t i\ together,

The adhesiveness of earths supplements the characteristics
of gramulometric composition and plasticity, and is determined for
the purpose of establishing the adaptebllity of earths to the use
of road machinery and their suitability for use in the thorough—

fare part of dirt roads.

The test for adhesiveness is conducted in the apparatus of

Professor V. V. Okhotin (Figure 91).

Figure 91. Okhotin apparatus for determining the

adhesiveness of earths

Description of Apparatus

A frameconsisting of two stands with a crossbar is set
into a wooden board, On the framéiggwgounted a block and funnel
which is filled with shot. A cross brace is placed across the i
block, on one end of which — beneath the funnel -- a small bue- i
ket is hung, and on the other end hangs a stamp 10 square centi~
meters in area., The stamp and the bucket must be of equal weight. §
Test the sensitivity of the apparatus by adding a one gram weight %
] ;v o the bucket. This should cause the bucket to descend. 0On the 5

board beneath the stamp, arrange a mold for the earth with smoothers.

-22 -
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Testing Frocedure i

1. Pags a dried and pulverized semple of earth through
8 0.5 millimeter mesh, Take a 200 gram portion of the sifted
earth and moisten it in & porcelain pan to a tworking" condition
(the eerth at this molsture kneads easily, keeps 1lts form, end

does not stick to the hends). Record the amount of water added.

2, Place the moistened earth in an exsiccator with water

and keep above the water for 18 to 24 hours.

3, At the end of the period, separate the earth and use
one portion of the prepared earth to determine the limit of ad-
hesiveness. Determining the 14mit of adhesiveness is done in
the following menner: press & spatula on the earth and then re-
move it. If no earth adheres to the gpatula, add 2 to 3 cubic
centimeters of water to the earth, Carefully mix the earth and
repeat the experiment by pressing and removing the spatula. Wa-
ter is added to the earth until no earth adheres to the spatd&@.

Record the emount of water added.

4. To the second portion of prepared earth, add 4 cubic
centimeters of water, less than necessary to obtain the limit of

adhesiveness, and carefully mix ‘the earth.

5, Pack a portion of the prepared earth into the mold of
the apparatus in such quantity that there will be an excess of

earth above the mold.
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6, Prese the stamp into the mold, which has been sup- !
plied with specilal guldes, and by hand or mechanlcal prees,
squeeze the stemp., Remove the excess amount of eerth pressed

out,

f : 7. Arrvenge the mold in the smoother; to the stamp, join
the crossbar with the buckeb weighted on the other end, end gra-

dually pour the shot through the funnel into the bucket.

% L 8, When the stamp is renoved from the earth, stop the
flow of shot and weigh the bucket with the shot. Make a moisture

test of the earth in the mold.

9. Free the mold of earth end mix in pert of the re-

maining prepared earth.

i 10. To this portiecn of earth add 2 to 3 cubie centimeters
of water; carefully mix the earth and again test in the apparatus

as indicated in 5, 6, 7, 8, and 9.

11, Continue the testing in the apparatus, increaging the
moisture repeatedly until the pull reaches a meximum, and until
two or three results are obtained which indicate a decrease in

the magnitude of pull.
12. Determine the moisture content in all tests taken. i

13. On the basis of the data obtained, compose a table
or graph of the relationship of adhesiveness to moisture content

and determine the meximum pull in grams per cubic centimeter and
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“Y“the corresponding moisture content of earth,

65, Swelling of Earths

The property of awelling consists in the capacity of earth
to increase lts volume upon ebsorbing water. Swelling of earths
is explained at the present time by colloidal chemistry. The
colloidal perticles possess the property of holding (adhering)
on their surfaces & considerable amount of the molecular layer

of water; this causes the colloidal particles to swell.

Many earths, especially clays, contain various substances
in their mess which are in colloidal dispersion. The ability of
colloidal particles to swell gives the earth in general the pro-

perty of inereasing its volume when it is dipped into water.

The magnitude of swelling varies for different earths.
Tt depends on the quantity of colloidal substances, their qual-
ity, texture, and gtructure, and the nineral composition of the

earth.

As a rule, heavy cley earth with hydrophilic (ebsorbent)

colloidal forms evidences the mayimun amount of swelling.

On the other hand, coarse)granulated earths (sand, sandy

1oam) evidence almost no swelling.

A simple method of determining the swelling of earths is

the metering method deseribed on page 200, as developed in the
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Experimental Sclence Road Institute (DORNII). However, this
method gives only & relative idea of the swelling of earth, since
in carrying out the experiment, the natursl structure of the
earth is destroyed by pulverizing the earth and subsequently pre-
cipitating 1t in an exceedingly large amount of water. Such test

conditions produce exaggerated indications of swelling.

A method which gives & better idea of the natural swell-

ing property of earth has been presented by A. M, Vasilyev.

1. With the aid of a polished cutting ring 1 (Figure 92)
25 millimeters in depth and 58 millimeters in diameter, take &
sample of earth of natural texture and moisture. Using the spe-
cial insert, cut the earth so that the thickness of earth in the

ring 1 will equal 1 centimeter.

Figure 92. A. M. Vasilyev's apparatus for

determining the swelling of earth

2, Put the brace 2 on the front part of the ring, having
previously inserted a disc of filter paper between the earth end

the brace, Put the plunger / inside the ring.

1
i
|
1
i
13
i
i

d

3, Set the assemble' apparatus in a round glass developing
dish (crystal pan) after placing a porous plate beneath the ap-
paratus and after filling the space between the porous plate and

the lower surface of the earth with the sand filter 3.
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4e Set the dish and epparatus on the teble 5. Then get
3 the meter, which will measure deformations, in sucﬂF position
% that the stem touches 1t with the plunger 4. - Carefully fasten
the cantilever apperatus; this holds the meter by & set screw

in the position shown. -

Record the initial reading of the meter and allow the cap-
1llary water to reach the esrth in the ring by carefully pouring

the water into the crystal pen up to the level of the porous plate.

6. Make calculations by the meter readings et definite

intervals of time.

7. The swelling is expressed in percentage relationship
to the initial volume of the test sample, For this, it is neces-
sary to divide by 10 the number of interveals on the scale of the
meter which the indicator has passed during the experiment, since
the initial depth of the sample of earth is 10 millimeters, and
each division on the face of the meter corresponds to & awelling

deformation of 0,01 millimeters.

For example, if the indicator on the face of the meter
moves 320 spaces during the experiment, the swelling of the earth

will be 32 percent. E

6b, Shriniing of Earths

Shrinking is the capacity of moist earths to decrease their i

volumes after drying. Therefore, shrinking is the opposite pheno-
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menon of swelling, If the water content in earth decreases as
a result of evaporation, the earth changes from a plastic state

i to a semi-golid state, For cohesive earths, the decrease in vol-
ume of earth up to a certain point is equal to the amount of the
evaporated.water., When the weter content in an earth approaches
a certain point, which is celled the limit of shrinking, the volume
of the test sample no longer decreases; however, the evaporation
of water continues, and consequently the weight of the sample de-

creases.,

The magnitude of shrinking depends on the quantity and
quality of the clay-colloid groups and on the pressure of the
coarser groups contained by the earth, Farth with a higber con-
tent of clay evidences a greater amount of shrinking. Sandy loam
end especially sandy earths are characterized by extremely little

shriﬁﬁking and sometimes do not evidence this property at all,
4

Linear and mass shrinking are differentiated, The mass
shrinking is usually the one determined. The magnitude of the mass
shrinking characterizes to a certain extent the content and pro-

perties of the clay-colloidal groups in the earth.

The phenomenon of shrinking of moist earth is explained
by the very same properties of clay-colloide] substances in the f
earth that explain the swellinéﬁzérth. During swelling, the %
thickness of the film of water around the earth particles in- j
creases; during shrinking, it decreases. Shrinking, like swell- |

ing, is partially explained by capillary action.,
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Determination of mase shrinking, according 4o the method

of A, M, Vasilyev, is done in the following menners

i 1. To an average sample of ajr-dried earth which has been
passed through a 0.5 millimeter mesh, add water up to the f£lvid

1imit, and leave in an exeiccator with water for 10 to 12 hours.

2. Place moistened earth into a metal cylindrical form
L to 5 centimeters in dismeter end 2 to 3 centimeters in depth,
which has previously been smeared with a thin layer of vaseline,
and by tepping meke sure that the form fills with earth. Smooth
of f the excess earth along the edges of the form with a steel

rule.

3. Dry the earth-filled form first in the air, then af-
ter the earth becomes & 1ittle firm continue the drying at a tem-
perature of 40 degrees. Continue the final drying of the sample

to a constant weighing at 105 degrees.

L. Next, determine the volume of the dried sample and the

volume of the form by the method given on page 207.

5, The volume of the shrinking is calculated by the for-

mulas \V/ﬁ E
VYo .

\/ i K. oZ,

where \/f} ig the smount of shrinking

\/ is the volume of the form
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VL is the volume of the dried sample of earth

According to the data of Professor V. V. Okhotin, the mois-
ture content at the shrinking point is close to the rolling limit
of the same earth, but a little lower. Investigations carried on
in the DORNII have esteblished that for most cohesive earths, the
ghrinking limit approximately coineides with the optimun molgture

content at the maximum compression point of earth.

- 30 -
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CHAPTER XVI

GEATL IS A s
THE MECHANICAL PROPERTTES OF EARTHS

72, The Concept of Stability of Earths under Stress

By stability of earths is meant their capacity of abgor-
bing stresses without forming deformations of compression or dis-

location above allowable limits.

The stability of earths is & changesble value and basi-
cally depends on the amount of moisture and porosity. The mois-
ture content and porosity in earth, Which correspondy to the maxi-
mem stability, differ widely for each category of earth and de-
pend upon the source of the earth, its chemico-mineral composi-

tion, its granulometric composition, and other characteristics.

Under natural conditions, the total volume of the pores in
clayey earths can exceed the volume of the hard skeletal part of
the earth, and the pumber of individual pores can be greater than
the number of separsate particles. Under the influence of even
small stresses, such uncompsacted earths evidence & sharp decrease
in porosity instead of dislocation or the dislodgement of separ-
ate particles in the total mass of the earth, To & considersble
extent, the compression of such esrths is incressed when the earth
is moistened, Water, by £illing in the pores of the earth, weakens
the union between the particles. This strongly decreases the pres-—

gure required for bringing earth particles out of a state of equi~-
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1ibriom,.

i § The stability of cohesive clayey earths, with an increease 1

: . in total volume when more pores are filled with water, is con-
tinuously lowered. When all the pores become filled with free
water, there is practically no stability at all.

The stability of sandy earths, especially of coarse gands,
changes little even when the pores are completely filled with wa-

ter. Sand possesses little compressibility and does not decrease

in volume when dried.

Tt is necemsery to know the charscteristics of porosity in

order to obtain a correct notion of the degree of stability of an
earth.

Porosity of earth is a ratio of the total volume of pores
between particles of earth to the total volume of the given earth,
ineluding the volume of the pores, expressed in percentage. The
porosity of earths depends on their granulometric composition,
form, and mutual interrelation of particles; and in saturated

earths, in addition, on the magnitude and form of the structural

and microstructural fragments.

Earths under natural conditions usually constitute a three-
phase system, consisting of + (&) particles of dry earth (the
Jf, ground skeleton), (b) water, and (¢) air. For this reason, pores
. of the earth are usually filled both with air and with water, and

the proportion of water and air often changes.

- 2=

o
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If the total volume of a glven earth is taken as a unit,

and thet portion occupied by hard perticles is designated &s
m, and the portion made up of pores which can be filled with [
water and air, by n (Figure 97), we will have the following:

l=m+n - 1)
n=1-m (2) ’
m=1l-n (3)

Air

Water

Barth

Figure 97. Proportion between the porosity of earths
and the volume of esrth and ite component parts (hard

particles, water, and air).

The volume of the herd phase of earth can be calculated if
the following are kmown: the specific gravity of earth 7 , and

the bulk weight of its hard phase Ac using the formula:
Ac

Proceeding from this and using equation (2) we find that the

m =

volume of the pores in a unit volume of earth equals
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(4)

or, expressing the volume of the pores in percent of the

total volume of earth, we obtain the value of porosity

'n% ::(B—-%) 2 |oo )

The volume occupied by earth is not a constant velue. It
varies with changes in the internal pressure or under other con-—
ditions. Since in a change of the total volume occupied by earth,
the volume of the solid phase m does not change, but only the
volume of the pores n, in the mechanics of earths it is more sui-
teble to relate the magnitude of porosity to the volume of its
solid phase m, than %o the total volume of the given earth., The
characteristic of porosity thus received is called the relative
porosity, or the coefficient of porosity £ and usually is not

expressed in percent but in portions of & unit:

o
£ =" (6)
By
or, using equation (3):
28 Y2
£ = n
i
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Substituting value n from equation (4), we get

¥ —4e
‘ﬂ

£ — (8)
o

When all the pores of an earth are filled with water, the
relative porosity of earth & characterizes the relationghip of
earth to the volume of the solid material (skeleton) and is equal
%o the product of the molsture weight of earth (expressed in por-
tions of a uz;it) times the specific gravity of earth,

- w. X’
e (9)
e« O

13, The Relationship Between Pressure and Porosity

Downward pressure exerted on the earth, under conditions
which prevent the earth from expanding laterally beneath the pres-
sure, causes’ the porosity of the earth to decrease, To a consi-
dersble extent, the compzjessibility of earth depends on the ini-
tigl porosity of the earth and the magnitude of the pressure ap-
plied, The less packed the earth is initially and the greater
the magnitude of the compacting stress, the greater will be the ex~-

tent of compression.

Tf the relative porosity & is plotted ageinst the exter-
nally applied pressure P in right angle coordinates, the result

will be a compression curve (Figure 98).
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Coefficient of
porosity

e it S e O

Stress in kg/ o

Figure 98. Compression curve

In actuel construction with relatively small stresses on
the earth, the relstionship between the relative porosit

sure can be considered a&s linear with enough accuracy for prac-

tical purposes. In guch such cases, if the pressure on the earth
changes from Py to F2, the section of the curve between these

points can be used linearly Mg =M without great error. By

continuing this straight line to its intersection with the ordi-

nste exis, we find point € . The following equation can be made

for a given linear:
£ — A —afd

where & and P are varisble values of the coefficient of porosity

and pressurej
A is a constent abstract quantity3

&:Tg <P is the coefficient of compressibility measured in

enf/g.

From the equation of the 1inear relationship obtained, it

follows that the coefficient of the porosity of earth varies in

direct proportion to the pressure exerted on the earth.
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This rule is the basis of calculations for determining the

value of the settling of earth under structures.

T4, The relationship of Moisture to. Pressure

The compression curve expresses the relationship between
the amount of pressure on the earth and the corresponding poro-
sity; or if all the pores are filled with water, to the moisture

content of the earth,

If the earth has been moistened so that sll of its pores are
£illed with water, on applying stress the volume of the pores will
decrease; the water which f£ills the pores will be pressed out.

When stress is applied to sandy earth, there is an abrupt de-
crease in the volume of the pores, since pores in sand are large

and water is quickly expelled through them.

If water-saturated clay or clay loam is subjected to pres-
sure, water will run out very slowly from such earth, This means
that the compression of such earth, which is connected with the
decrease in porosity, will also take a long time., Moreover, the
pressure applied to the earth is immediately absorbed by the wa-

ter in the pores of the earth.

Absorption of the stress by the solid phase is directly

proportional to the amount of water expelled from the earth.

When the stress has been completely absorbed by the solid
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phase of the earth, excess water under pressure gtops escaping. }
Equilibrium is esteblished between the external pressure on the
earth and the reaction of the earth particles, which hold a cer-
tain quantity of water around themgelves in the pores; the set—
tling of the earth cesses., If after this a ﬁev stage of stress

is applied -~ one which exceeds the resisting forces of the earth's
skeleton —- the equilibrium previously egteblighed is destroyed.
Once more the process of expelling the surplus water begins’wi’oh
the corresponding decrease in porosity of earthvuntil an accord

is established between the pressure and the moisture content

(porosity) of the earth.

Thie dynemic process is well illustrated in the foilowing
model (Figure 99).

Figure 99. Schematic drewing ghowing the rela-

tionship of moisture to pressure

A vessel both filled and surrounded by weter is closed by
a plunger‘rr' . The plunger is held in place by a metal spring.
Let us suppose that the spring, which bears the siress of the plun-—
ger, corresponds to particles of earthj the water in the vessel |
corresponds to the water contained in the pores of the earth; the
outlet a in the vessel corresponds to the pores in the earth through

which water can be expelled.

When stress P acts on plunger T, at first all the pressure
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18 sbsorbed by the water which, because of the pressure created
upon it, begins to flow through the outlet a. The greater the

gize of the outlet, the greater will be the rete of escape from

the vessel. The smaller the hole, the more time will be required
for the pressure P initially to be felt by the spring. As the
gtress is transferred to the spring, the pressure upon the water
weakens and the water stops escaping from the vessel, The resistance
of the spring equalizes the pressure on the plunger. If the stress
on the plunger is incressed after the spring stops compressing,
further escape of water occurs, and a new compression of the spring
tekes place until a new equilibrium is established between the
stress and the resistance of the spring. Analogous phenomene

take place in earth when verticel stresses act on it, inasmuch as
the compression of the earth skeleton gradually increages its re-
sistance, which equalizes external pressure, and water is expelled

from the pores of the earth as the stress is increased.

Decreesing the moisture of the earth, which takes place |
when stfess is exerted, causes a corresponding decrease in the |
porosity of the earth, Since for water-filled earth the relative
porosity is numericelly equal to the weight of the moisture mul-
tiplied by the specific gravity of earth (Section 72), instead é
of relative porosity & , we can plot the weight of the moisture
in the earth on the diagram of the porogity-pressure relationship.
The diagram of the relationship between the moisture content of
earth and pressure is also called the compression curve (Figure

100).

ooy

i
X
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Figure 100. Relationship of pressure to moisture
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[

content of earths

Establishing the relationship between moisture of earths
and pressure is of great practical significance and describes
the change of the properties of esrths in foundations of struc—-

tures - chenges which are caused by the action of gtress.

75, Friction and Cohégion. Resigtance of Barths to displacement

Joheslon, IeS.1olallbt oo

The resistance of earth to displacement is one of its most
important characteristics since it is an indication of the sta-
bility of earth on the walls of excavations and embankments, and

also in foundations of various engineering constructions.

When external stress is applied, tensions can arise in the

earth mass causing e reciprocal movement (diSplacement) of particles;

-10 =
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these movements &re of an jrreversible plastic character., With
increase of stress, geformation of the displacement gradually
can take hold of large solid nasses of earth, causing the sta-
bility of the sides of the earth to be destroyed, and gsometimes
going so far &8 to destroy engineering construction. Examples
of deformations caused by di8p1acement of earth are shown in

Figure 101.

/ SurEncE: OF THE SEVRE. ..

ST EMBANKMenT of BULSE

=

Figure 101. Deformation of the displacement of earth in

QURREACE o ETHE Sl

various constructlons: (a) destroying the stability of the side

of a sub-grade, (p) bulging of earth from under the gupport of con~
gtruction, (c) combined manifestation of deformation of displace-
ment when stability of the slope is destroyed and the earth bulges

from the foundation of a gupporting wall.

Resistance of earths to displacement depend upon two things:

(1) internel friction, and (2) cohesion.

-1l -
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The ceuse of friction bhetween two bodles is the presence

of roughness on their surfaces. When pressure is increased on

v
rubbing bodies, thus bringing them closegtogether, friction in-

|

creases between the bodies, In earths, eriction arises between

geparate particles at their point of contaab.'

When the pores in earths are filled with water, the fric-
tion between the particles of earth, especially in clay and clay
loam, decreases subgtantlally. Tieter plays the part of & lubri~
cant. In additlon to this, slight particles of earth which are
able to swell increase their volume and seem to repel each other,
end films of water which are held on the surface of the earth
particles by molecular attraction smootjgmay the roughness of
the separate particles, or their micro grains. For this reason,
there is very 1ittle friction in clayey earths when they are

moist.

Cohesion, which provides the tenacity of earths, Wwas for-
merly explained exclusively by the presence of capillary forces
in the pores when the mechanics of earths were first investige-
ted., It was believed that when free gravitational water was pre-
sent in earths, there was the gmallest extent of cohesion. As

water is removed from earth, concave meniscuses of capillary wa-

R

ter are formed. As a result of the binding action of the menis-

cuses, particles of earth come together and acquire tenacity.

This explanation of the cohesion of earths does not ex-

heust ell the complex phenomena of the interaction between solid

- 12 -
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particles and the £ilm of water surrounding them. A more ac-

ceptable explanation of the tenacity of earths is given in the

i

works of the Soviet scholer, Professor H. M. Gersevanov.

As H. M. Gersevanov points out, the reciprocal attraction
of earth particles or their micro-grains is caused by the forces
of molecular attraction between the surface of the earth particles
and the films of bound water whenever earth particles come to-
gether at a distance less than the squere of the radius of the
action of the molecular forces. In this case, the forces of the
molecular attraction of water are equal for both earth particles.
On the other hand, the attraction forces of earth particles, which
are directed to the water film, tend toward a reciprocal attrac-
tion of particles upon each other. In this way, internal forces
of reciprocal attraction arise between all earth particles, caus-
ing tenacity in the earth. Sinee in an earth mass the contacting
gurfaces of particles have a highly diverse direction, the tena-
¢ity can be expressed by thorough pressure, which tightens all
the particles between themselves. The creation of thorough mol-
ecular pressure depends on the density of the earth, which rises

when particles come together.

Cohesion between particles or their microngrains will be
greater if there are more contacts between the particles. For
this reason, tenacity reaches its highest extent in clay. Tena~

city is practically non-existent in pure sand.

Apart from the forces of molecular attraction and capillary

-13 -
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pressure in tenaclous clay earths, cohesion occurs under the ac-
tion of natural cements, especlally colloidal gels and galts 1ln-

goluble in water.

The resistance of earth to displacement forces can be ex-

pressed by the coefficient of internal friction and cohesion.

By the coefficient of {nternal friction f 1s meant the co-
efficient of the proportion between the vertical compacting pres-
gure end the resistance to displacement, which is csused by in-
ternal frietion. TFor 2 given earth, the coefficient of internal
frietion f can be considered a constant velue. The part of the
resistance to displaéement caused by forces of friction does not
depend on the magnitude of the area to which vertical pressure
is applied, but only on the magnitude of the force P. If a
graph is constructed showing the relationship of the displace-
ment resistance of earth to the magnitude of vertical pressure
upon it, the coefficient of internal friction £ can be represen—
ted linearly as the tangenﬁ of an angle sloping toward the ab-
scissa, ﬁhich characterizes the rise of the resistance to dis-
placement in proportion to the increase of vertical pressure on

the earth:
¢ =Ta¢

Q
where the angle 4) constitutes the angle"!? internal friction of

the earth (Figure 102).
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Figure 102, Diagram showing resistance of earth to

displacement at different pressures

The value of cohesion ¢ is that part of the resistance
to displacement in earth which does not depend on vertical pres—
sure P. Cohesion is measured in kilogrems per square centimeter.
The part of the general resistance to displacement caused by for-
ces of cohesion depends on the megnitude of the area along which
the displacement of earth ocecurs, and can be expressed as a pro-

duet of cohesion and the magnitude of the area C = Fq.

The coefficient of internal friction and cohesion are very
important cheracteristics used in calculating the resistance of
earths to horizontal and vertical forces, as in calculating the
stability of supporting walls, sides of embankments or excava-

tions, and other road constructions.

76, Maximum Density and the Optimum Moisture of Earths

Then the surface layers of the earth thicknesses occur nat-

urally, they always constitute a three-phase system: solid sub-

gtance + water + air. The water content and eir content in earths |

-15 -
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are extremely variable, and can range from fractional to large

percentages. On the megnitude of the porosity of earth, that is,
on the volume which water and air occupy in it, depend the physico-
mechanical properties. In road construction -- in the gub-grade,
in the surfacings, and in the foundations of the road surfacings =- !
the greater the gtability of the earth, the greater the density or,

putting it another way, the smaller the porosity. Depending on

] how much the pores of the earth are £i1led with water, the earth

» can change from a stable condition to an unstable one, and vice

versa, taking on a golid, plastic, or fluid consistency.

In examining the conditlons of the stability of earths un-
der stress, plastic consistency can be subdivided into hard-

plastic and soft-plastic.

Solid and hard-plastic consistencies of earth are caused
by the presence physically of bound water, and at hard-plastic
consistency, the earth contains a certain amount of free water.
A significant lowering of the supporting ability of the earth
when changing from the hard-plastic to the soft-plastic consis-
tency is explained by the further increase of the amount of free

water.

At the solid consistency, we observe a considerable tenacity
(cohesion) of earth — a property which is very advantageous and

valusble when using earth in road surfacings or foundations.

The amount of physically bound and free water in earths can i

be greatly changed under the influence of climatic and other con-

-16 -

R

D " .
eclassified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82—00039R000260050010 4




Declassified in Part - Saniti A R 4 RDP: R
ified i ‘art Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010:
: X -4

ditions, Variations in the reletive content of these categories

of water cause changes in the physico-machanical properties of

i earth,

The compacting theory of cohesive earths has been worked
out by Professor N. N. Ivanov and Candidate of Technical Science
M, Ya. Telegin on the basis of calculating the positive proper-

ties of physically bound water.

As a result of their pegearch, it has been established that
meximum stability of tenacious earth can be sssured only when it
is compacted to the maximum density with the "optimum" moisture

content corresponding to the given earth.

By "opbimum" moisture content of earth is meant the amount
of moisture at which one can attain the maximum density, and con-
sequently the minimum porosity, of earth with the least expendi-

ture of work by compacting machinery (rollers, gtampers) .

The optimum molsture content can vary & 1ittle and depends
both on the properties of the earth being packed and on the magni-

tude of the stress which does the compacting (Figure 103) .

BT

s SKEL!

RuLK WT aF
EARTH

EARTH'S o ST URE ¥

Figure 103, Optimum moisture and maximum density of var-

jous earths: (1) moraine clay loem, (2) carbonacecus loess,

(3) covered clay, (4) clayey black soil

—17 -
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If the moisture content of earth is gradually inereased,
keeping the packing forces constant, the density of earth ini-
tially becomes greater and reaches a meximum density for each
earth at a specific moisture content., Increasing the moisture
content further with the same packing conditions causes the den-

sity of the earth to be lowered.

The maximum compactness of tenacious earths is approxi-
metely reached at a moisture content‘ai a little lower than the

moisture content at the rolling limit.

Compacting earth at the optimum moisture content to its
maximum density is the simplest method of inereasing the stabil-

ity of earth on roads.

However, the density of earth reached later on, when sub-
grade is used, can be changed under the influence of natural fac-
tors —- moisture and temperature. This change is sometimes very

slow,

At optimum moisture content, when being compacted by for-
ces of 30 to 40 kilograms per Squere centimeter (as when a steam
roller is used to pack the earth), cohesive earths are at the
transition limit from solid to hard-plestic consistency and are
capable of withstanding a rather heavy stress (10 to 20 kilograms
per square centimeter) without forming any significant deforma-
tions. The optimum moisture content assures many advantageous
properties of esrth when used in road construction. At optimum

moisture content, earths excel in tenacity, do not possess adhe-

-18 -
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siveness and do not form dust.

The optimum moisture content cheracterizes the critical
gtate of earth, With increase of moisture, free water appesrs in
the esrth along with physically bound water, and this causes neg-
ative road properties to appear -- low tenacity, swelling, high

degree of adhesiveness}and plasticity.

Earth which contains free water first changes to a soft-
plastic state, and with further increase of moisture it changes
to a fluid state, that is, unstable and poorly suited to road con-

struction.

The optimum moisture content and meximum density is de-
termined in the laboratory to establish the necessary moisture
and density of earth for compacting embankments, road foundations,

and surfacings.

The spparatus for standard compacting consists of the fol-
lowing units : (1) & beaker base, (2) lower beaker, (3) upper

beaker, (4) packer, (5) upright, (6) plate, (7) thrust collar.

The mounting of the apparatus and detailed dimensions are

shown in Figure 104.

Sample of earth to
be compacted

Figure 104. Apparatus for gtandard packing of earth

-19 -

Declassified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4



Declassified in ‘Parl - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

Procedure of the ggpegiment

1. Determine the granulometric composition and plasti=-

eity of the earth.

2, Pass a sample of earth weighing 3 to 3.5 kilograms
through a 5 millimeter mesh and moisten the earth until the mois-
ture content is approximately equal to 50 percent of the rolling
1imit for cohesive earths and 30 percent of the fluid limit for
non-cohesive (non—plastic) earths, Carefully mix the earth and

moisten evenly; then determine the moisture content.

3, Weigh the lower beaker of the apparatus with the base

to an accuracy of 1 gram.

4. Determine the number of blows necessary to obtain full
compactness of the earth. Conduct the compacting of the earth in
the form by blows of the descending packing weights, weight of 2.5
kilograms from & height of 30 centimeters. Carry on the compac-
ting in layers by filling in earth to one third the height of the
form, At each layer of earth, apply one third the planned num-

ber of total blows.

Determine the number of blows three or four times, each
time changing by 10 or 20 the mumber of blows given by the weight.
With each new number of blows, measure the volume of the compacted
earth, and after weighing debermine the bulk weight of the earth
in the form. Repeat the experiment until the bulk weight of the
earth does not vary from the preceding weight by more than 0.3

grams per cubic centimeter, The number of blows necessary for this

-20 -
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ig taken as the necessary number.

At each new packing, remove the earth from the form, pul-
e verize it, repack into the form, and repesb the experiment, al-

tering the number of blows as indicated above.

5, After establishing the necessary number of blows, re-
peat the experiment, ralsing the moisture content of the earth two
percent with each repeated triel until the point is reached at
which the bulk weight of the earth begins to decrease with fur-
ther increase of moisture. With each repeated trial, teke a sam-
ple of earth from the form and determine its moisture content by

the weighing method.

6. On the basis of the data obtained, construct a curve
showing the relationship between the bulk weight of the skeleton
of esrth and the moisture content, The peak of the curve defines
the greatest bulk weight of the skeleton of the earth, and the cor-
responding moisture content defines the optimm moisture for the

given earth (Figure 105) .
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Figure 105, Curve of density (compactness) for

clay loam earth
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71, _The M of Deformetion of Eart

Numerous tests conducted in DORNII under the direction of
Professor N. N, Ivanov indicate that the durebility of roed sur-
facing depends on the emount of sag under the influence of re-

peated stresses.

The amount of sag of road surfaces depends on the naturel
hardnees of the surfaeing and on the resistivity of the earth be-
nesth. According to N, N. Tvanov, the registivity of earth can be

characterized by the value of its modulus of deformation.

The modulus of deformetion of eerth is similar to the modu-
lus of elasticity, which is used in the resistance of materials,
tut with this difference: in determining the modulus of defor-
mation, the total deformation of the eerth is taken into account —
the elastic and the plastic — since even under insignificant stres-
ses, earth has both elastic and residual plastic deformation at

the same time,

Under laboratory conditions, the modulus of deformation is
determined by pressing & round flat stamp into a gample of earth
which has been placed in & speclal form. This is done with the
aid of a hand press end is caleulated according to the formula:

D
EZ-’—”—-"é:'—’

/

yhere E is the modulus of deformation in kilogrems per square

centimeter;

—_—
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p ie the specific pressure in kilogrems per squere centl-

meter;
1 1ig the deformation yesulting from pressing in the stamp,
in centimeters

D is the dlameter of the stamp in centimeters.

-23 -

e o

Declassified in Part - Sanitized Copy Approved fér Release 2012/04/20 : CIA-RDP82-00039R000200050010-4




Declassified in Part - Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

CHAPTER XVIIT

PERMAFROST REGION

8l, _General Concepts and Exposition

The permafrost region extends from the White Sea in the
West to the Sea of Okhotsk and the Bering Sea in the East, It
1s called the permafrost region because from the land surface
dom to a certain depth there is a layer of rocks with negative
teﬁperatures. The negative temperature of this mass has been
preserved uninterruptedly for a long period, estimated up to a
millenium, The permafrost region occupies about 45 percent of

the whole territory of the USSR,

The presence of frozen earths in Northern Siberia has been
known for more than 300 years. The natives and "state servants™
have know\;gout this, and it was also known in Moscow from the re- ;
ports of these individuals. In 1640, the Lensk governors, P, Golo~
vin and M. Glebov, reported to Moscow that there "the land does

not thaw for the year around,"

Scientific study of the permefrost region was first begun
in Russia, Beginning in 1723, the Russian Academy of Sciences
sent an expedition of scholars to study the rocks of the perma-

frost region,

Investigation of permafrost expanded greatly after the Oc-

tober socialist revolution,
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In 1939, under the direction of the existing committee on
permafrost, the only Institute of Frost Studies in the world wes
created in the USSR, with a whole series of permafrost sclenti~

fic research stations.

Because of the activity of many Soviet frost supervisors,
who are also scholars, a new type of scientific frost study has

arisen,

82, The Temperature System of Permafrost Rocks

There are three basic layers according to the tempera-
ture system of earths in the permafrost region: (&) the active

layer, (b) the permafrost layer, and (c) the sub-permafrost layer.

The active layer is the upper layer of earths lying upon
the permafrost thicknesses, This layer is characterized by the
fact that it freezes in winter and thaws in summer., The activi-
ty of plant and animal organisms is concentrated in it, and phy-

sical processes of various types take place there.

The depth of the active layer varies a great deel, de-
pending on the geographical locality, the character of the rocks,
the depth of the snow cover, vegetation, etc. The shallowest por-
tion of the active layer is found in swamp areas because of the

poor heat-conductivity of peat.

The deepest active layer has been observed in sand, gravel,
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and crushed rocks, especially if they are located on glopes fac~
ing south.

Tn the largest part of the permafrost reglon, ‘the active
layer merges with the permafrost layer during winter, forming

the so-called fused permafrost (Figure™114) .

Figure 1l4. Schematic structure of fused permafrost:
(1) active layer, (2) permafrost, (3) sub-froet thick-

ness.

In some places where the permafrost rocks are deeply situ-
ated such merging does not occur: between the active layer ad
the permafrost layer 1ies a thawed lsyer of varied thickness. This

type of frost is called non-merging.

The Permafrost Layer

The depth of the permafrost layer varies widely. It is abt
a minimum in the southern borderland; in the north, it increases

regularly, reaching several hundred meters in isolated places.

The temperature of permafrost rocks ranges from 0 to =13.
The lowest temperature is found approximately in the central por-
tion of the permafrost thickness. The temperature system of the
active layer and of the permafrost thickness depends on such im—-

portant factors as climete, vegetatlion, relief, locality, thick-
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ness of snow cover, and works of man, Changes in these factors

s AR

usually bring sbout changes in the temperature system throughout

the thicknesses of the rocks. i

Sometimes a layer of frozen rocks can be interstratified
by thewed rocks with positive temperatires, This type of frost
i ‘ is called stratified (Figure 115).

Figure 115. Schematie structure of non-merging stratified
frost: (1) active layer, (2) intervening layer with a
positive temperature, (3) stratified permafrost,

(4) sub-frost layer

The presence of stratified frost is most frequently ex-

! plained by the cireulation of water in the earth at raised tem—

peratures.

Mention must also be made of the presence of layers in the
permafrost region which have no permanently frozen rocks at all.
These are usually areas at the bottoms of rivers and lakes. How-
ever, in the southern part of the permafrost region, layers with- ?
out frozen rocks are found outside the area of water surfaces.

Their presence here is related to the warming effect of the heavy %

snow cover and other natural conditions which arthavorable to the

deep thaw of rocks.

The formation of permafrost, from the modern perspective,
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belongs to the Quaternary period, In evidence of this are the
numerous findings of undecomposed corpses of memmoths and rhino-
ceroses found in the permafrost region, It is evident that the
animals mentioned lived and died under conditions approximating
those in which they were discovered, It is known that in the
Quaternary period, a large cold spell occurred which caused the
upper layer of rocks to freeze. As time passed, heat released
in rediation by the surface of the land over the world exceeded
the heat received from without., As a result, there took place
an accumulation of "coldness", an increase in the thickness of

the permafrost layer, and a lowering of its temperature.

In seversl places along the southern boundary of the perme-
frost region, degradation has been observed; that is, the re-
serves of "coldness" have decressed. Evidence of this is the in-
cresse of the active layer, and a decrease in moss in the perma-
frost thickness, and a recession of the‘permafrost toward the

north,

The causes of such local degradation of permafrost are,
on the one hand, climatic changes, and on the other, the effect
of man's activity -- cutting down the forests, clesring the land
of brushwood and moss cover, destroying the soil; raising cattle,
and various kinds of construction. All these change the tempera-—
ture system and help lower the reserves of "coldness" in the per-

mafrost thickness.
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83, Certain Peculiarities of Frozen Earths

R T A e TR R

With the lowering of temperature, the water contained in
earths freezea? giving it new properties. Ic crystals are formed
in the earths which bind the sepsrate rock particles firmly, mak-
ing the rock monolithic. The degree of tenacity of frozen earths
wholly depends on the quantity of water (ice) it contains and on
the temperature. Clay and clay loam earths contain the greatest
amounts of water. When these rocks freeze in a water-saturated
state, they form a bound monolith which is characterized by great

durability and is exceptionally difficult to excavate.

At a relatively high temperature (about O degrees), water
in the pores of clay earths may not freeze; as a result of this
phenomenon frozen earth at a negative temperature will be found

in a plastic state.

When water is not present, which is sometime observed in
sand, the properties of earths show very little change in the
trensition from plus to minus temperature, The earth, as before,

has the properties of a free-flowing body.

In accordance with this, frost is divided into : (a) mono-

lithic, (b) plastic, and (c) dry.

Monolithic frost, which is most prevalent, offers the most
difficulty in excavating frozen earths (making hollows, ditches,

ste).
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The most important peculiarity of frozen water-saturated

earths is thelr low permesbility to water, Frozen rooke will 1

! herdly ellow water to pass through, that i8, they are impervious
1 to water., The swamping of the surface layers of the earth and
! the extensiveness of swemps and peat bogs over & considersble
part of the region of permafrost are related to this impermea-

bility of rocks.

When water-saturated earths freeze they swell and the sur-
face rises; when they thaw the surface lowers. The water con-—
tained in rocks increases its volume by 9.1 percent when frozen.
At the same bime, when ice is formed, the general volume of the

rocks incresse.

Thus, if clay earth has & 50 percent porosity and &ll the
pores are £i11led with water, the volume of the earth incresases
by approximately .5 percent when it freezes. The earth, which
increases in volume, neets the least resistance from above, There-
fore, when water-saturated rocks freeze, they rigse. Whenever the
rocks have room for moisture and afe very damp, the rise cen be
clearly perceptible. Increesing the mois{.ure greatly affect-"(%he
swelling of eerth when frozen. The increase in volume tekes place

by tightening the capillary and £ilm water in the freezing zone.

The expansion of frozen earth may cause such things 88 the
foundations of buildings to be pushed out or the pilings of wooden

i

i

bridges or pillars, etc, %o do the same. [
|

H

!

v
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84 Subterranean Weters in the Permafrost Reglon

When present in the permafrost reglon, gubterranean waters

are principally concentrated above the permafrost thicknesses, |
but they are also contained within the-permafrost layer and the {
sub~frost layer. In accordance with this, subterranean waters %
in the permafrost region are divided into three categories: the

superfrost, the interfrost, and the subfrost.

The superfrost waters occur above the permafrost layer.
This is usually soil water which has accumulated as the result
of seepage of rainfall in the summer and its retention on the

water-impermeable frost layer.

Even when the permafrost is not deep, superfrost water can
freeze completely in the winter, changing to a solid state. This
change causes mounds and layers of ice to form and caused the

rocks to swell,

In view of the fact that water when frozen increases in
volume by 9.1 percent, when the upper part of the water-supplying
bed freezes/the water in the lower part of the bed will be found
under incressed pressure —- the pressure inereasing as the depth
of freezing increases. Under the effect of the increased pressure,
the top layer of frozen earth buckles. In some places, the sag
can be very great, taking the form of a mound. Such mounds can
reach a height of 3 to 4 meters, and d%%eters up to 30 or more

meters (Figure 116).
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Figure 116. Schematic diagram showing the structure of o

an ice layer mound

A fissure frequently forms in the central part of the mound;

from this water flows and freezes at the surface.

The ice layers formed in this menner are called earth ice-
layers (Figure 117), and the mounds are called ice-layer mounds

(Figure 118).

Figure 117. 4An ice layer which did not melt in

summer.

q
i

Figure 118. A mound which did not melt in summer
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The interfrost waters ere waters of a‘oratified frost.

The presence in some localitles of courses with posi’oive tem-

perature®, connected with the movenent of warm waters, hed al-

ready been mentioned 88 occurring in the 1ayer of permafrost

rocks.

The :Lnterfroet webers can come up to the surfece on ‘the
gides of hills and mountains oF in deep eycavabions, ceusing the
appearance in winter of the so—called jce-layer springs. Sueh
gprings can be utilized for waber supply if they are peated deeP

in the frost zone.

Tn additlon to containing water in & 1iquid state, perme-
grost leyers contaln water in the form of ice. Tee is found in
fine crystals and seams, and aiSD in the sorm of entire beds which

are called fossilized OF puried ice (Figure 119) .

Figure 119. Ice under & small layer of moss

4in summer

The depib of pogsilized jce can reach geveral scores of

meterse. When warm yemperatures get in and heat penetrates the ‘,
layers of rocks, shallow layers of fosailized ipe thew, and large
and small empty spaces (heat cavities) are formed. When these

cavities collapse OF getile, verious bypes of depressions are formed }

on the gurface of the earth — craters, ngaucers," nyindows," 3
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neave-ins," etc, In a large number of these depressions, a &pe- }
W olal type of relief is formed -- hest cavities. When buried

ices thaw, they replenish the reserves of water and feed lalkes.

Subterranean waters eirculating in water-supplying rocks
beneath the permafrost layer ere called subfrost waters. Dril- :
ling has established the fact that these waber-supplying beds
have much water and frequently conbain rising water. For these
two reasons subfrost waters are possible sources of water supply

in the permafrost region.

River Ice Layers

In the permafrost region shallow rivers, as & rule, freeze

over in winter, There are & comparatively small nvmber of deep

g O
AT

Ky : .
rivers which do not freeze owe¥, but are covered with a thick layer
of ice. These rivers, 1ike subfrost waters, can serve as poten-

tial sources of water supply.

When deep rivers freeze through, their profiles decrease,
allowing all water to go out, As & result of increased pressure,
part of the water flows into the 1lo0se sediment on the banks of

the river, where in the weakest places it presks to the surface.

After the water freezes, river ice layers are formed on

the surface of the bottom lend, sometimes covering large areasS.

-11 -
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85, Permafrost and Building Congtruction 3

The presence of layers of permafrost yocks creates speclel
problems for erecting above-ground and underground congtructions.
When constructing automobile roads, bridges, ‘buildings, and other
works, one must consider the arrangement of excavations and em— i
bankments, the digging of ditehes, driving of plles, laying of
foundations, ete. With all these aspects of construction, ‘the
natural temperature system of rocks changes, &s & result of which
various phenomena arise which to someb extont affect the stebility

of construction.

In working the ground, one first of sll rumns into the dif-
ficulty of bandling the monolithic frozen rocks and having to use
explosives {o loosen them, OF having to thew them with the aid of
nyorches! or steam. Fxeavation slopes in frozen rocks thaw out
after the first winter and float around when supersaturated with

water. i

In winter, hollows are the places where most frequently
ground and ice-layer springs and swelling occuls For these reasofﬁns ’
in seeking routes for eutomobile roads, deep hollows are to be ’
evoided. The routes should be projected along the southern slopes é‘u

of hills or along the high, raised terraces of rivers. High places

A

are usually less humid, and afford good drainage for gurface and

ground water.

The least favoreble place for laying a road is swampy Or
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mossy tundra flatlands, the meri, At shallow depths these aress
contain permafrost layers with large deposits of pure ice in the é
form of seams and streaks. Tn building embankments in the mari,
frozen earths and ice melt. This can cause the embankments %o |

buckle.

Tt is difficult to lay roeds in areas with heat cavities.
Here, besides the difficulty in working the ground because of all
kinds of pockets, there is still the danger of forming new depres-—
sions in the process of building the roads, and later on in the é

process of using the roads.

Therefore, in deciding upon routes for automobile roads,
more than the routine geological inspection should be made. There
should be, in addition, boring end drilling for determining the
depth of the stratum containing permafrost roecks, and for estab-
lishing presence of heat cavities and buried ice. This procedure

should be followed for the entire route.

In those sections of roads where high embankments are

built, changes occur in the temperature system.

The limit of the permafrost thickness under the embankment
is raised upwards, gradually becoming the core qf the embankment.
When the merginal portion of the embankment thaws in the spring,
the sides slip down alohg the frozen earth of the core. Dust rocks
are most subject to this slide phenomenon, but under conditions of

heavy moisture, even clay loam and sandy loam rocks will slide.

-13 -
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Tn road construction, the possibility mst be considered

of river, spring, or ground ice-layers forming in the vicinity
of the road, since these layers pender the normal use of roads

difficult, destroy wooden bridgezA and waterpipes.

Deformations of buildings - buckling, bulging, formation ]
of fissures in the foundations -- are frequent phenomena occdﬁfﬁg

in the permafrost region.

When negetive temperatures are mainteined, frozen rocks
remain firm and provide a good bese for foundations of buildings
and supports of bridges. Tn case of thaw, however, their capacity
4o withstand exbernal pressure is considerably decreased as &
result of the moisture. This is especially characteristic of
duet and clay loam earths, which possess a large moisture-re-

taining capacity. '

The foundations of buildings and supports of bridges dur-
ing winter freeze to the moist earths. As a result, the con-
struction rises (or bulges) whenever the earth freezes. Depen-
ding on the nature of the earths, the degree of their moisfitre, j
and the type of foundation, the bulge will take various dimen—
sions. With the most unfavorable combination (dust earths, much
moisture, deep freezing) the bulge can reach several scores of

centimeters.

From what has been stated, it is evident that in carrying ;

on different kinds of engineering construction in the permefrost
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CHAPTER XXI |

M i

BASIC METHODS OF ARTIFICIALLY

STRENGTHENING EARTHS

96. Genersl Information ‘

The use of earths as local road construction materials !
gt the present time in the goviet Union is based on the practical
experience gained in constructing meny hundreds of road surfacings

and foundations.

At the preéen'b time, The use of earth as material for the
construction of road surfacings and foundations 4s very impor-
tant, If esrth can be used, there is no need %o trensport large
quantities of stone and gand materials from other places for this

purpose.

Ag a result of meny research projects conducted by Pro-
fessor M. M. Filatov, V. Vo Okhotin, and others, effective and
economical methods of constructing roads heve been developed;
these are baged on the use of earths as the primary construction

material for road surfacings and foundatlons.

In using established methods of artificielly strengthening
earths, road gurfacings and foundations can be made which fulfill
the engineering requirements for modern automobile roads. Using

local earths for construction meterials is very proi‘itable fron the

T
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economic point of view, gince the earth serves &8 the cheepest

and most accessible material end is not aifficult to trensport

or to work.

The various methods of artificially strengthening earths
are often collected under the general term of earth stabiliza-
tion. The artifical gtrengthening of earths constitutes the to-
tality of all technical and construction measures for assuring
the stability of earths when cohesiveness ig increased in both

wet and dry states.

After being gtrengthened, earths are usually able to with-
stand the considersble stresses which occur when vehicles pass
over them)and do not develop any noticeable deformations. Such
earths are characterized by high cohesiveness in both dry and
water-saturated states, by insignificanf;welling, and low mois-
ture retention, The degree to which these properties are ex-
pressed can vary widely, and depends on the methods of treating

earths and on the properties of the earth being treated.

When binding maeterials are added to the earth, complex
physico-chemical and chemical interactions take place between the
earth and the binding materials. This results in & fundamental
improvement of the physico—mechanical properties of an earth.
However, the optimum effect of such treatment can be expected
only when the binding material is carefully end evenly distribu-

O\
ted in the quentity needed, and subsequently packed throuéﬁt the

whole mass of the treated earth.
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TABLE

EARTH-STRENGTHENING METHODS USED IN ROAD CONSTRUCTION

Strengthening Materials for Earths Recommended
Method Treatment for Treatment

I Granulometric admixture Crushed stone, gravel, Clsy, clay loam,
cinders, sand, clay, dust, sand
clay loam

i II Organic binding i
§ . materisls Solid and liquid as- Sand, sendy loam,
' ; phalts, mazut, petro- dust, clay

leum, oil, tars; &s-

phalt and tar emul-

[ sions
TITI Inorganic binding Portland cement, slag- Sand, sand loam,
materials Portland cement, clay- dust, clay loem,

slag end 1ime-slag ce~ clay
ments; fleked, ground,
and slaked limes;

quicklime

w Soluble salts Caleium chloride Sandy loam, dust
Megnesium chloride ‘
Salt solutions Sodium chloride !
|
; v Heat treatment Local fuel (wood, brush- Clay, clay loam ‘
wood, ete) “
|
VI Compound gtrengthen~ Grenulometric admixture Clay, clay loam, i
ing + organic binders dust i

Granulometric Admixture
+ inorganic binders

Granulometric admixture
+ hygroscopic salts

Orgenic binders
+ inorganic binders

Baking or heating
+ organic binders
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At the present time many methods of treating earth

which increese stebility in the roads have been developed. These
K methods for strengthening earths have acquired wide usage. Table

20 shows & list of the methods used in road construction.

Each of the methods indicated in Teble 20 for streng-
thening earths hes 1ts own peculiarities with relation to its
effectiveness in raising the stability of earth used in the road

and with relation to the kind of working required.

97, Earth Mixtures of Optimum Granulometric Composition

The reason for unsatisfactory working characteristics of
earths used in the thoroughfare part of roads is the substantial
loss of stability when their moisture content changes. When wet,
sandy earths possess setisfactory stability, but when dry, they
lack cohesiveness, Frisbility appears. On the other hand, clay
earths lose stebility and cohesiveness when very moist; in a dry

i o condition they possess much cohesiveness.

As far back as the 1860's, Russian engineers worked oub
a theoretical and practical means of artificially strengthening
é 2 carths so as to meke them stable in the thoroughfare part of

i if earth roads by mixing sand or gravel with clay earth,

In a book by E. Golovachev, "On the Construction of Earth
Roads and Their Relation to Railroads for Developing the Pro-
duetivity of Russia,” published in Kiev in 1870, practical in-

gtructions are given for obtaining stebility with a bed of "dirt
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concrete, consisting of a mixture of locsl esrth, sand, and \
gravel or crushed rock. l
|

Mumerocus field observations on road conditions in the
\ past 20 to 30 yeers in the Soviet Union and in other countries |
| indicate that with a known proportion of sand, dust, and clay §
particles in the earth, the earth acquires sufficient stability. ;

Such earth has come to be known &s the optimum earth. ¢

In optimum earth, sand particles serve as the skeleton; 1
this sbsorbs the main part of external forces whenever the earth
is very moist, Clay particles, on the other hand, render the
greatest stability of the mixture during dry spells. Clay par-
ticles,evenly distributed throughout the entire mass of the earth, ]
serve as & natural cementing substance which binds the coarser

particles into a single whole.

Dust particles of the earth occupy an intermediate place

because of their properties.

In the composition of optimum earth, dust particles serve

as £i1l materiasl since ~- because of their small size — they

are distributed in the pores formed among the coarser particles

in the given earth. Dust particles permit the external friction

of the earth to be increased.

When calculating the proportion of the various particles
according to their coarseness, it is also necessary to consider

loesl climatic conditions and the distribution of traffic along
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along the road throughout the course of a year, for these have
e substantisl effect on the composition of the optimum earth,

thet is, whether the traffic ocours moetly in the summer (éry

U *i gesson) or in spring and eutumn (veiny sessons).

The chemical and mineral composition and the degree of

digpersion of the clay-colloid groups also affect the composition

necessary for the optimum earth, The binding properties of these

groups, depending on their physico-chemical gtate, can be very

e SRR

different.

R

Tnvestigations of M. M, Filatov indicate that the bind-
ing capacities of goils conteining organic colloids (burus) are
more than 1.5 higher than those with mineral colloid particlese
When earth conteins displaced positively charged ions of sodium,

the binding properties of dry clsy particles incresse greatly. i

T4 follows that the granulometric composition of the op-
timum earth can vary within known limits, and the selection of 3-1
any composition of optimum earth will depend both on the proper- \i

ties of the earth and on locel climatic conditions.

As o result of the work of V. V. Okhotin and I. I. Ive-
nov, it has been established that the greatest stability of opti-
mmn mixtures is obtained by selecting mixtures of separate gramu-

lometric groups which assure the greatest porosity.

e B G T R T e

The highest porosity of & mixture is achieved by observ-

ing the following rules:
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(1) Aseure & cereful gelection and miXture of sepé-

rate granulometric fractions in the composition of the optlmum

earth for incressing internal friction and tenacity. i

l\' (2) Assure mechanicel compacting of the earth to the

maximum density with the corresponding optimum moisture.

The compoaitions‘of optinum esrths were checked by num- 3
erous experiments on the construction of earth roads in verious i
regions of the Union. These compositions followed the Technical
Specifications of the Gushosdor of the NKVD of the USSR, 1938, for
constructing automobile roads and bridges, and are shown in Table

21. (Following page)

As can be seen from Table 21, the local climatic condi- 5
tions and the coarse quality of the gkeleton have a substantial

effect on the relative content of the various fractions.

In all cases, preference mst be given to mixtures with
a coarse granular skeleton, since the 1atter offers the great- 3
est stebility for the optimum earth. If fine sand (perticles
from 0.25 to 0.05 millimeten) is present in the optimum mixture %
in quantities greater than provided in Table 21, such earth will

lose its supporting ability when moisture is increased.

Tt should be noted that no netter how well the optimum

mixture is selected, it cannot develop its innate stability with-

out proper compacting at the corresponding optimum moisture.

For this reason, when stabilizing earths by gramlometric

R
el
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doses, special attention is paid not only to the selection and
insertion of gremulometric doeses, but also to the meximum pack=- i

ing of the mixture at optimum molsture,

98, Strengthening Earths With Orgenic Binding Materials

The most effective method of strengthening earths, and
one which has received wide usage in making surfacings and foun-
dations in road and airport construction, consists of treatment
with organic binding materials -~ asphalts, 1liquid aesphelt, tars,
and emulsions. In addition, organic binding materials mixed with
earth are widely used to make various water-permesble layers in

the sub-grade of the road and in other constructions out of earth.

Numerous observations of surfacings made from earths which
have been trested with organic binding materials indicate that the
best results come from treating earths of the podzolic and black
soil zones with esphalt and tar. Treating saliferous earths, al-
kaline soil, and saline soil give negative results, In saliferous
earths, the organic binding material can be washed out of the

treated layer and can penetrate to the deepest layers.

So far as the gramulometric composition is concerned, the
best resulte with the least quantities of binding material come
from sand loam and dust earths, Especially good results, with
the use of a minimum amount of binding materisl, are obtained in

treating earths of the optimum gramulometric composition.

Any method of strengthening earth with binding materials
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will be effective only if the following procedure is obsexrved:

(a) using the binding naterial in a quantity sufficient
to change the properties of the earth being treated;

(b) distributing the binding meterial evenly in the mass
of earth being treated; this assures the fullest interaction of

the earth with the binding materials;

(¢) carefully packing the mixture treated to the desired

density.

In conducting the operations indicated — diffusing the

g binding meterial, mixing and packing the mixture —- water which

f is in the earth undergoing treatment is of utmost importance.
Water may have different effects on the properties of the binding

material.

Interaction of Earths with Organic Binding Materials

Theoretical research on the interaction of fine granular
earths with organic binding materials was first carried out by

M, M. Filatov and his students.

According to the views of M. M. Filatov, the interaction
J:(
of earth with orgenic binding meterials basically e%;aces three

phenomena:

(1) ebsorption of certain component parts of the binding

meterisl by the surfaces of the thinly-dispersed particles;

-10 -
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(2) cementing of the seperete particles and lumps of

earth by the binding naterial}

(3) mechanicel £illing of the earth poree by the binding

paterial.

Through the work of M. M Filatov @nd Be B. Tolstopyetovs
it hes been establiehed that earths treated with asphalt (or tar)
materials have a 1umpy—cellular structure, formed as & result of
the uneven aistribution of the pinding gubstances in the earth

mase and the presence of closed micropores £i1led with air.

The binding substances, 88 microscopic observations show,
are spreed out in the mass of the earth, enveloping for the most
pert cley umps, on the surface of which are formed apecial clay-
asphallt combinations. The result is & monolithic mass of earth,
cemented Y £1lms, in some 1nstancee‘ forming & thin net, ir others
forming fleky accumulations out of the clay—a.sphalt gubstances.
Earths strengthened with inorgenic binding pmateriale — cement,

1ime, silicates (Figure 141) - have & similar structure.

Figure 141 Microstructure of black soil streng-
thened with 10 percen’o lime. Light areast 1lime
earth gkelbton. Dark areass: microgreing of black
goil. Earths strengthened with asphalt, tar, or

cement give & gimilar picture.

-11 -
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So fer as the physico-chemical interaction of earth with
binding materials is concerned, different results ha&e been ob-
served in treating various types of earths with organic binding
meterials, As a rule, treating black soil which possesses a well-
expressed and firm structure and contains interchanged calcium

gives good results with little use of binding .material, On the

other hand, alkaline soils, which contain interchanged sodium,
] é: with the same gramulometric composition, are difficult to treat;EI;Lf

even with much use of the binder give very poor results.

Physico-Mechanical Properties of Barths Treated with é

Orgenic Binding Materials {

As a result of treating earths with organic binding me-

terials, fundemental changes occur which favorebly affect their

stability for purposes of road construction:

(1) When the asphalt dosage is increased, the resis- |

tance to compression of tenacious earths, tested in a water-satu-
rated state, is considerably increased. However, the durability
of the water-saturated sample incresses only as high as the known
"optimum" content of the binder., After this level is passed, re-

sistance to compression is markedly lowered.

(2) 1In testing samples by impress of a cone stamp, using
the method proposed by A. I, Lysikhina, the depth of impress de-
creases down to & known limit (the optimum of the binder) when the

asphalt dosage is increased. When the asphalt content is further

-12 -
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Figure 142. Impresslon depth of cone in re-

1ation to asphalt content
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(3) Earths treated with organic binding materisls do not
become soft from moisture; that is, they do nob disintegrete when
in water over a long period, and they have a low coefficient of
awelling. Clay earths will acquire this characteristic if dosed
with 8 to 10 percent of binder; sand loam and dust need 4 to 8

percent.

(4) Striking-stress and stemp-impress tests characterize
an earth which has been treated with orgsnic binding materials as

an elastic system, capable of recelving congiderable stress without

noticeable residual deformations.

Earths can be divided into the following series on the

basis of their granulometric composition and the effectiveness of

treatment with binding materials:

~13 -
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Sendy-gravel Sand loam Clay loam Clay earths (which
and cocarse- and dust ere difficult to
aandy optimum earths treat and use large

Ixtures emounts of binder

The physico-mechanical properties of treated earths to a

considerable degree are predetermined by their granulometric com-
i position, However, the original type of earth and the physico-
chemical condition of its clay-colloid fractions play a very es-

sential role also.

Earths (soils) can be divided according to type into the
following series, based on the degree of effectiveness and suita-

bility for treatment:

Black soil Woody and Chestnu Saliferous Saline and
podzolie soils goils and elkeline swampy soils
soils (condi- funsuiteble

tionally suita-/ for treat—
ble for treat ment)
ment)

As a result of research projects carried on in the DORNII

by A. I. Lysikhina, the most productive use is the method of
treating earths with liquid asphalts by mixing them on the road (4.

I. Lysikhina, The treatment of earths and gravel roads with li-

quid asphalt, DORIZDAT GUSHOSDORANKVD, 1942.).

99. Strengthening Farths with Inorganic Binding Materials

The experience gained in road and airport construction du-

ring the last 10 to 12 years shows that cement and lime can be
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successfully used to gtrengthen earths. Portland cement espe-

clally is very effective in gtrengthening earth.

At the present time, the fact can be considered as firmly
established thab cement and lime have & favorable and lengthy
effect on the physico—mechanical properties of earths of the most
diverse origins and granulometric compositions. Only in rare

instances does the physico-chemical state of the earth have &

negabtive offect on the binding properties of cement or lime.

The Physico X of Earth and LOLEos

i —-Chemical Interaction of Farth and Cement

The high binding capacity of cement is explained by the
chemical disintegration of cement when interacting with water (hy-
drolysis) and by the consequent separatlion of the durable in-
soldi?le compﬁ%ds of hydrosilicates and hydroaluminates which
form solid connections between the earth particles. When the
hydrosilicates and hydroaluminates are separated, weter is chemi-

cally bound, meking up the compounds (hydration) .

In treating earth with cement, hydrolysis and hydration,
as well as other chemical reactions, will be accelerated, or on
the contrary, retarded, depending on the chemical and mineral con-
tent of the cement and on the nature of the earth and its physico-

chemical state at the time it is treated.

Tn strengthening turf-podzolic soils with cement (es-

pecially of the humus sort), the process of hydrolysis and the

- 15 =
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hardening of the cement will be retarded under the action of
acid agents., As a result the cemented earth will not be very
firm.

In strengthening carbonaceous eerths, carbonaceous 1loess
for exsmple, when celcium ions are present in the solution, the
processes of hydrolysis and hardening of the cement will be more

intense, In this case, the cemented earth will be very firm.

The presence in the earth of interchanged calcium, which
is sble to form a firm microstructure (in black soil), also is 8

factor which favorably affects the firmness of the earth.

The gbsence in earths of water soluble salts (sodium sul-
fate, magnesium sulfate) detracts from the firmness of the cemen-

ted earth to a considerable extent.

The firmness of cemented earth is found to be greatly de~

pendent on the properties of the cement and the properties of the

|
!

earth being strengthened.

The physico—mechanical properties of earths which are
treated with cement are very different from the original pro-

perties of untrested earths. This is illustrated in Table 22.

- 16 -
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S TABLE 22

LIMIT OF DURABILITY ON COMPRESSION, AND THE MOISTURE CAPACITY OF

CEMENTED EARTH AFTER KEEPING A SAMPLE IN WATER FOR 6 MONTHS

Dosage of Cement in Full moisture capacity of sample Limit of durability
No Description of Mixtures % of wt. of earth after 6 months in water on compression for water-
saturated samples in kg/
% of wt. of % of volume

earth
1 Covered non-carbonaceous clay
* Portland cement, Type 400 6 17.8 31.9 63
2. The same as No 1 10 18.7 33.5 ”
3. The same as No 1 1 18.1 32.6 ) 108
be Clayey black soil A3 + Port-
land cement, type 400 6 26.8 413 15
5. The same as No 4 10 24,1 38.8 26
joo . 6. The same as No 4 14 23.8 38.3 31
Podzolic light clay loam Ap + Port—
‘ land cement, type 400 6 20.1 35.6 5
- 8,  The same as No 7 10 20.3 35.9 8
9. The same as No 7 1 20;1‘ 35.6 45 7
10. Heavy sand Joam with optimum granu-
lometric composition + Portland
cement, type 400 6 9.1 18.6 29
11. The same as No 10 10 7.8 15.9 99
12. The same as Fo 10 14 6.8 13.7 17
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TABLE 22

LIMIT OF DURABILITY ON COMPRESSION, AND THE MOISTURE CAPACITY OF

CEMENTED EARTH AFTER KEEPING A SAMPLE IN WATER FOR 6 MONTHS

Dosage of Cement in
% of wt. of earth

Description of Mixtures

Covered non-carbonaceous clay
# Portland cement, Type 400

The same as No 1

The same as No 1

Clayey black soil Ay + Port-
land cement, type 400

The same as No 4

The same as No 4’

;;&;ﬁe 11ghtclaylomn Aé + Port-
land cement, type 400

The same as No 7

The same as No 7

Heavy sand loam with optimum gramu-
lometric composition + Portland
cement, type 400

The same as No 10

The same as No 10

10

10

10

Full moisture capacity of sample
after 6 months in water

% of wt. of 4 of volume
earth

17.8 31.9
18.7 33.5
18.1 32.6
26.8 413
24.1 38.8
23.8 38.3
20.1 35.6
20.3 35.9
20;1"1 35.6
9.1 18.6
7.8 15.9
6.8 13.7

Limit of durability
on compression for waber—
saturated samples in

63

108

15

26
31

Di N
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Untreated earths, when tested for water softening, de-

oompose after 10 to 30 minutes; however, the same eartha, when
g, treated with the proper amount of cement, acqulre stability in

water and possess sufficlent mechaniocal durability even after

B

being saturated with water for 6 months,

; When the dosage of oement 1s inoreased gradually in earthe {

| which have been previously treated with cement, they increase |
their mechanieal durability and stebility in water. With small %
doses of the binder, the cemented earth 15/;alatively plastie
(semi-rigld) material, and with a 12-to 14 percent or greater ce-
ment content, the cemented earth possesses the properties of a
rigld non-plastlic material, which differentiates it very much from

earths which have been treated with organic binding materials

(Figure 143).

Linit of dur

bility on gom- . - 'earth &
pression in ‘ 7 cement
kg/om ’

; V asphalt \

osage of the binder in %

Figure 143. Relation of the compression durabllity

1imit to dosage and the properties of the binding

material
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Compound Strengthening of Earth

thelr

DeSpite~§iquZ;h mechanical durability and stebility in
water, earths which have been treated with cement possess a large
moisture capacity and résidual porosity, which are withoub doubt

negative propertles of this material.

When earth is given & compound treatment of cement and as—
phalt emulsions, two processes are combined which reciprocally com-
plement each other, and which assure that the treated earth gains
the properties it 1acked initially: the treated earth does not
permit water to go through, and it does not become wetb (hydro-
phobic quality). Tt 'should be noted that the quantity of cement

used is slightly reduced.

For cement to harden and for hydration to take place, it
is necessary to have a certain molsture content in the earth be-
ing treated. On the other hand, removal of water is necessary for
asphalt to disintegrate andfbe removed, thus giving hydrophobic

properties to the earth.

In this way cement, by taking water from the emilsion, fa-
eilitates its disintegration and creates favorable conditions for
the assertion of the binding properties of asphalt; by absorbing .
water which existed in the asphalt emqlsion, cement particles re-
ceive the water necessary for carrying on the processes of harden—
ing‘and hydrating the cement under optimum conditions. Conditions

are thereby assured for the maximum use of the binding properties
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of both asphalt and cement.

Bagic Produ v Requirements an oduction of Work

Treating Farths with Cement

As experience accurulated in recent years demonstrates, in

S

} order to obtain good results in constructing cemented earth sur-
facings or foundations, it is necessary to observe a set of basic

rules, Dursbility, stebility in weather of all sorts, and resis-

i A

tance to wear of this type of gurfacings and foundations are qua-

1ities that depend on the following basic procedure:

(a) Put enough cement into the earth to meke sure the mix-

ture hardens to the planned durability with an even distribution

of ‘the cement throughout the mess of the earth to be treated.

(b) Have the proper (optimun) emount of water in the trea-
ted earth during the period when the cement-earth mixture is

packed and 1s hardening.

b

(e¢) Pack the cement-earth to the established meximun den-
sity, maintaining optimum moisture in the mixture during the pack=-

ing period.

100, Strengthening Earths with Lime

Lime as well as Portland cement can be uged for streng-

thening earths., It cen be put into the earth in slaked and un-
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glaked form.

e TR AT

& Strangtﬁgg;g earth with lime has much in common With treat-
ment of earths with cement, However, the properties of 1ime bring
about certain peculiarities in the properties of the earth~lime
mixtures and in the sequence of their preparation and packing in-

to surfacings or foundationé.

Lime, like cement, mekes earth stable in water and raises
its mechanical gurability in a moist conditlon; however, the dura-
4 bility of earth which has been strengthened with lime is lower :

than when treated with cement.

When strengthening earth with lime (just as with cement) i
mix carefully and moisten and then pack the mixture to the maxi- g
mum density. ) ;
The process of hardening lime begins initielly with the
evaporation of water and the crystallization of calcium hydroxide. i
In the course of time, part of the caleium hydroxide is subject

to the action of the carbon dioxide of the air and turns to cal-

cium carbonate (carbonization takes place).

Ca (CH)p + COp = CaCO3 + H20

Another part of the calecium hydroxide interadts with sili-
cate compounds of the earth to be treated. This causes new ce-
menting substances to appear, and these strengthen the mass of

earth, These processes develop in the course of time because of

-21 -

Declassified - , itiz 3 o] i | ‘ ‘ 5
1 In Pal anitized py Approved for leas 12/04/20 : CIA- i ‘0 002! 0 10 :
Part - S: ed Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4




Declassified i - iti
ified in l?arl Sanitized Copy Approved for Release 2012/04/20 : CIA-RDP82-00039R000200050010-4

the fact that the durability of the strengthened earth in~-

creases.

% Because of the great surface of clay end clay loam solls,
a physico-chemical phenomenon connected with the interchange of
the absorbed catlons tekes place in addition to the purely chemi-
cel reactions, This happens both with lime and cement, Differ-
ing from treating earth with cement, lime will successfully streng=

thenii? semi-swanpy, podzolic, and saliferous and alkaline earths.

101, Strengthening Earthg with Hygroscopic Salts

The gtability of earth surfacings and foundetions is ex-

plained by the presence of the internal friction and cohesion in-

herent in the separate granulometric fractions of the earth. The
internal friction characteristic of the sand and gravel fractions
meintains stability of the earth under excess moigture conditions
of wet weather, When the weather is dry, the disturbance of the
earth surface is prevented by the presence of clay fractions which
give tenacity to the earth. So that this tenacity will not weaken,

it is necessary that the moisture content of the earth not exceed

the rolling limit of the earth.

Tn order to maintain optimum moisture of the earth, salt
stabilization can be provided by adding hygroscopic salts — cal~

cium chloride, sodium chloride, magnesium chloride, etc.

Farths treated with hygroscopic salts draw water vapor from
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the alr and possess 1ittle evaporating ability. Consequently,

guch earth can retain the moigture it receives over & compara=

tively long period.

.

Tt is enough to indicate thet caleium chloride under average

weather conditions ebsorbs & quantity of moigture which exceeds

its own weight by 4 or 5 times. !

The best way to pack the mixture of calolum chloride or ;
sodiun into the earth is to let the traffic over the road do it
over & period of time. By assuring maximum packing of the earth's {
surface, we decrease its deterioration and increase its stability
during the moist periods by permitting a small amount of mois-

ture to penetrate to the dense treated layer.

The properties of earths which have been treated with salts
have alresdy been enumerated; to repeat: maximum density is at-
tained, the rate of deterioration is lowered, dust does not form
in dry seasons, great stability is acquired during the moist per-
jods because the covering ig practically impervious to water -
all these qualities are basically the result of the physical pro-
perties of the water distributed in the earth in the form of thin
£ilms adhering to the surface of the earth particles by molecular
attraction. Water in such a state possesses higher adhesiveness
and greaster surface tension; it has a lower freezing point and

very little evaporation,

The properties of £ilm water enumerated as edvantages in
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road construction appear at the optimum moisture of earths, At
the optimum moisture of earth, the water in it plays the pert of
a binder, The optimum moisture in untreated earth is a short-
lived end very unstable phenomenon, put when hygroscopic salte
are added at the optimum moisture state, the life of the earth

inereases greatly.
102, Thermal Treatment of Earths

The road-construction properties of clay and clay loam
earths can be fundamentally changed and improved by heaT treat-

ment.

As a result of the work of professors P. A, Zemyatchinskiy,
M, M. Filstov, and others, it has been established that the improve-
ment of the road propertles of clay earths is caused by the fact
that temperature, which acts on clay or clay loam for a long period
of time, brings ebout deep changes in its nature; the earth loses
its chemically and physically bound water, loses plasticity and
adhesiveness. When perticles cake, the earth will not become goft
in water and acquires physico—mechanical properties very diffe~-
rent from those which were evident before baking. Ite tenacity is

inereased; its swelling is lost.

Depending on the temperature and how long it lasts, heat

treatment can be divided into the following typess

(1) Warming or thermal dehydration
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(2) Baking

(3) Clinker firing

Warming or Thermel Dehydration

Thig is the initial stage of beking and operates when

the esrth is under the influence of & comparatively low tempera-
ture on ‘the order of 300 to 500 degrees Centigrade. Most of the
clay minerals composing the earth (kaolin, montmorillonite, micas,
etc) dehydrate at this temperature; organic compounds are des-
troyed. As & result of initial heating, earths lose some proper-

f ties that are detrimental to road construction (Lower plasticiﬁy
and adhesiveness), end they acquire and maintain for some time

partial gtability in water.

Baking

This tekes place &b temperatures from 600 to 800 degrees

Centigrede and is & subsequent stage to warming.

As a result of baking, the earth not only does not dehy-

drate, but undergoes fundamental changes in its properties and

compos ition. Baked cleys and clay loams completely lose adhesive-
pess end plasticity, do not swell,and do not soften when molst.
They are turned to stone, although & relatively weak rock, which
is characterized by temporary resistance to pressure of approxi-
mately 80 to 120 kilograms Pper square centimeter. These changes

ocour after baking beceuse of the clinkering of mineral substances,
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1 f converting the earth into a monolithic mass.

£ Clinker Firing

With further increase of temperature to 1100 degrees Cen-
f tigrade and higher, the earth begins not only to clinker but also

to partially melt., The fused mass of the most easily melted min-
erals fills the free pores., As a result of this process, a dense
artificial stone material, called clinker, is obtained when the

mess cools,

The mechanical durability of the clinker is usually very

e

high, and as & rule it exceeds 600 kilograms per square centimeter.

\
B

Clinker firing is doneYspecial plantg; here the clinker is

prepered in the form of block rubble which serves to make highly '

durable road surfacings.

7
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